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FOREWORD 

This  Appendix  is  a  compilation  of  patents  that  deal  with  liquid  (or 
fluid)  propellant  gun  hardware,  including  complete  gun  designs,  valving, 
pumping  and  sealing  components,  and  ignition  devices.  No  claim  is  made  on 
the  utility  of  any  of  the  devices  described  herein,  and  this  volume  is 
intended  for  reference  purposes  only. 

Two  research  groups  have  made  substantial  contributions  in  recent 
years  to  the  patent  literature  on  LP  guns  —  GE  and  Pulsepower  Systems. 
These  patents  are  arranged  separately  from  the  remainder. 
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[57]  ABSTRACT 

A  feature  of  this  invention  is  a  spool  valve  which  has  a 
spool  with  an  O-ring  seal,  said  seal  having  a  given  lon¬ 
gitudinal  dimension,  the  spool  operating  in  a  bore  in  a 
housing  to  open  and  close  a  port  opening  into  said 
bote,  said  port  formed  of  a  plurality  of  apertures,  each 
aperture  having  a  diameter,  parallel  to  the  longitudinal 
axis  of  said  O-ring,  which  is  smaller  than  said  given 
longitudinal  dimension  of  said  seal. 
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HIGH  RATE  OF  FLOW  PORT  FOR  SPOOL  VALVES 
BACKGROUND  OF  THE  INVENTION 

1 .  Field  of  the  Invention 

This  invention  relates  to  high  rate  of  flow,  rapid  actu¬ 
ation  valves,  such  as  spool  valves,  and  is  particularly 
adapted  for  high  rate  of  fire,  liquid  propellant  guns. 
The  invention  herein  described  was  made  in  the  course 
of  or  under  a  contract  or  subcontract  thereunder  with 
the  Department  of  the  Navy. 

2.  Pnor  Art 

Low  rsic  of  fire,  liquid  propellant  or  initiant  guns  are 
disclosed  in  U.S.  Pat.  No.  3,455,202  issued  July  IS, 
1969  to  Dixon  et  a!.,  utilizing  a  quasi-spool  valve;  and 
U.S.  Pat.  No.  3.537,352  issued  Nov.  3,  1970  to  R.  W. 
Joyce,  utilizing  a  ball  valve. 

SUMMARY  OF  THE  INVENTION 

To  achieve  a  high  rate  of  fire  in  a  liquid  propellant 
gun,  the  propellant  must  be  injected  into  the  combus- 
;ion  chamber  in  a  short  interval  of  time.  This  requires 
high  rate  of  flow  of  the  propellant  through  the  valve 
controlling  the  combustion  chamber,  and  a  rapid  on/off 
actuation  of  the  valve.  A  high  rate  of  flow,  at  a  given 
pressure,  requires  a  large  cross-section  of  conduit. 
Spool  valves  are  conventionally  utilized  to  pro  ide 
rapid  actuation.  An  efficient  form  of  the  conventional 
spool  valve  utilizes  O-ring  seals.  O-ring  seals  are  rapidly 
damaged  when  they  are  passed  over  an  opening  which 
is  larger  than  the  longitudinal  dimension,  i.e.,  width,  of 
the  seal. 

Accordingly,  it  is  an  object  of  this  invention  to  pro¬ 
vide  a  spool  valve  with  a  port  which  provides  adequate 
support  for  the  seal  while  permitting  a  high  rate  of  flow. 

An  additional  object  of  this  invention  is  to  provide  a 
spool  valve  with  a  port  which  controls  the  rise  and  fail 
characteristics  of  tne  pulse  envelope  of  the  fluid  flow. 

A  feature  of  this  invention  is  a  spool  valve  having  a 
spool  with  an  O-ring  seal,  said  seal  having  a  given  longi¬ 
tudinal  dimension,  the  spool  operating  in  a  bore  in  a 
housing  to  open  and  close  a  port  opening  into  said 
bore,  said  port  formed  of  a  plurality  of  apertures,  each 
aperture  having  a  diameter,  parallel  to  the  longitudinal 
axis  of  said  O-ring,  which  is  smaflei  than  said  given  lon¬ 
gitudinal  dimension  of  said  seal. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  advantages  and  features  of 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accom¬ 
panying  drawings  in  which; 

FIG.  1  is  a  partial  view,  in  cross-section,  taken  on  a 
longitudinal  plane,  through  a  liquid  propellant  gun  in¬ 
corporating  a  spool  valve  embodying  this  invention; 

FIG.  2  is  a  transverse  view,  in  partial  cross-sec  lien, 
taken  along  the  plane  II— II  of  FIG.  I; 

FIG.  3  is  a  detail  view,  in  cross-section,  taken  along 
the  plane  III— HI  of  FIG.  2; 

FIG.  4  is  a  schematic  of  the  gun  of  FIG.  I;  and 

FIG.  5  is  a  timing  diagram  of  the  operation  of  the  gun 
of  FIG.  4. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

The  gun  includes  a  receiver  10,  in  which  is  fixed  a 
barrel  12  having  a  bore  14.  The  af*  end  of  the  bore  is 
chambered  at  16  to  receive  a  projectile  18  having  an 
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O-ring  seal  20  ar.d  a  rifling  band  22,  and  to  provide  a 
combustion  chamber  24.  The  receiver  includes  a  bolt 
body  30  having  a  bolt  head  32  having  a  central  bore  in 
which  an  electrode  34  is  fixed  in  a  dielectric  sleeve  36. 
5  An  L-seal  38  is  provided  at  the  extreme  forward  end  as 
a  high  pressure  firing  seal,  and  an  O-ring  40  is  provided 
aft  of  the  L-seal  as  a  low-pressure  back  up  seal  against 
fluid  leakage  during  propellant  injection.  The  bolt  has 
a  transverse. y  projecting  roller  42  which  rides  in  a  car. 
10  slot  44  in  a  cam  46,  driven  by  a  motor  47. 

The  receiver  includes  two  additional  longitudinal 
bores  48  and  50  in  which  two  pistons  52  and  54  respec¬ 
tively  slide.  The  two  pistons  are  coupled  aft  by  a  yoke 
56  which  has  a  transversely  projecting  roller  58  which 
IS  rides  in  a  cam  slot  60  in  the  cam  46. 

Two  spools  62  and  64  respectively  slide  in  the  for¬ 
ward  portions  of  the  bores  48  and  50.  The  spools  are 
respectively  fixed  to  rods  66  and  68  which  are  coupled 
aft  by  a  yoke  70  which  has  a  transversely  projecting 
20  roller  72  which  rides  in  a  cam  slot  74  in  the  cam  46. 
Each  rod  is  journalled  through  a  bore  76  in  the  piston 
and  a  bore  78  in  the  receiver.  Each  spool  has  a  forward 
O-ring  seal  79A  and  an  aft  O-ring  seal  79B. 

Two  propellant  reservoirs  80,  82  are  pressurized  by 
25  suitable  supplies  of  >as  and  are  respectively  coupled  by 
conduits  84,  86  to  the  bores  48,  50. 

T wo  ports  88,  90  are  povided  respectively  between 
the  bore  48  ana  the  combustion  chamber  24  and  the 
bore  50  and  the  combustion  chamber.  Each  port  con- 
30  sists  of  a  plurality  of  bores  92,  each  bore  having  a  diam¬ 
eter  which  is  smaller  than  the  longitudinal  width  of  the 
O-ring  seal  79A.  793.  Thus  the  annulus  around  each 
bore  supports  the  seal  as  the  seal  moves  over  the  bore. 
The  total  cross-sectional  area  of  each  port  88,  90  is 
35  equal  to  the  sum  of  the  cross-sectional  area*  of  the 
component  bores  92.  The  pattern  of  holes  may  be  ar¬ 
ranged  to  provide  either  a  steep  or  shallow  a  rise  and 
fall  of  the  fluid  pulse  envelope  as  is  desired.  For  exam¬ 
ple,  if  it  is  desired  to  nave  as  steep  a  rise  as  possible,  the 
40  number  of  bores  in  the  first  rows  of  bores  which  are  un¬ 
covered  by  the  spool  is  made  as  targe  as  possible,  but 
if  it  is  desired  to  have  a  shallow  fall,  the  number  of 
bores  in  the  last  rows  of  bores  which  are  covered  by  the 
spool  ir  progressively  made  smaller. 

45  The  timing  of  the  gun  is  illustrated  in  FIG.  5. 

It  is  contemplated  that  the  inventive  concepts  herein¬ 
above  described  may  be  variously  otherwise  embodied 
and  combined  without  departing  from  the  inventive 
principles  involved  and  intended  to  be  covered  by  the 
50  appended  claims,  except  insofar  as  limited  by  the  prior 
art. 

What  is  claimed  is: 

I.  A  gun  comprising: 

a  conduit  for  passing  a  fluid; 

a  valve  coupled  to  said  conduit  for  controlling  the 
passage  of  the  fluid  therethrough; 

said  valve  including: 

a  valve  chamber  having  a  surface  having  a  port 
M  means  for  fluid  therein, 

a  valve  spool  having  a  ring  type  seal  abating  raid 
surface  for  closing  and  for  exposing  said  port 
means,  said  valve  spool  disposed  for  movement 
along  an  axis, 

fc5  said  ring  type  seal  having  a  cross-section  diameter 
’ '  parallel  to  said  axis, 

said  port  meant  comprising  a  plurality  of  apertures, 
each  htving  a  respective  diameter  parallel  to  said 
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axis  which  is  smaller  than  said  cross  section  di-  surface  for  closing  and  for  exposing  said  port 

ameter  of  said  ring  type  seal,  means,  said  valve  spool  disposed  for  movement 

said  plurality  of  apertures  being  arranged  in  a  pat-  along  an  axis, 

tern  of  acce'eration  of  cross-sectional  port  area  said  ring  type  sea!  having  a  cross-section  diameter 


such  that  as  said  valve  spool  moves  at  a  constant  5 
velocity  to  open  said  port,  an  increasing  cross- 
scctional  port  area  is  exposed  per  unit  time. 

2.  A  gun  comprising: 
a  conduit  for  passing  a  fluid; 

a  valve  coupled  to  said  conduit  for  controlling  the  10 
passage  of  the  fluid  therethrough; 
said  valve  including: 

a  valve  chamber  having  a  surface  having  a  port 
means  for  fluid  therein, 

a  valve  spool  having  a  ring  type  seal  abuting  said  is 


20 


25 


30 


35 


40 


45 


SO 
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60 


parallel  to  said  axis, 

said  port  means  comprising  a  plurality  of  apertures, 
each  having  a  respective  diameter  parallel  to  said 
axis  which  is  smaller  than  said  cross-section  di¬ 
ameter  of  said  ring  type  seal, 
said  plurality  of  apertures  being  arranged  in  a  pat¬ 
tern  of  deceleration  of  cross-sectional  port  area 
such  that  as  said  valve  spool  moves  at  a  constant 
velocity  to  close  said  port,  a  decreasing  cross- 
sectional  port  area  is  closed  per  unit  time. 

•  •  •  •  • 
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ZERO  ULLAGE  INJECTION  VALVZ 

BACKGROUND  OF  THE  INVENTION 

1 .  Field  of  the  Invention 

This  invention  relates  to  high  rata  of  flow,  rapid  actu¬ 
ation  valves,  ;ind  is  particularly  adapted  to  high  rate  of 
fire,  liquid  propellant  guns. 

2.  Prior  Art 

Low  rate  of  fire,  liquid  propellant  or  initiant  guns  are 
disclosed  in  U.S.  Pat.  No.  3,455,202,  issued  July  15, 
1969  to  Dixon  et  a!.,  utilizing  a  quasi-spool  valve;  and 
U.S.  Pat.  No.  3,537,352,  is  ued  Nov.  3,  1970  to  R.W. 
Joyce,  utilizing  a  ball  valve.  A  liquid  propellant  jun 
having  a  high  rate  of  flow  spool  valve  is  disclosed  in 
U.S.  Patent  application  Se:.  No.  148,833,  filed  June  1, 
1971  by  D.P.  Tassie 

SUMMARY  OF  THE  INVENTION 

In  the  prior  art  liquiJ  propellant  guns,  the  passage¬ 
ways  to  the  chamber  for  liquid  propellants  trap  some  of 
these  liquids,  which  then  cannot  be  utilized  in  the  com¬ 
bustion  process,  and  which  drain  away  between  shots, 
producing  enclosed  volumes  containing  ambient  atmo¬ 
sphere.  The  next  time  the  chamber  is  filled  with  liquid, 
the  trapped  atmosphere  is  forced  into  the  chamber.  It 
is  known  that  decreasing  the  size  of  a  passageway  de¬ 
creases  the  ul'age  that  it  causes;  however,  decreasing 
the  diameter  o  a  passageway  also  decreases  the  rate  of 
liquid  flow  theretnrough. 

The  object  of  this  invention  is  to  provide  an  injection 
valve  which  does  not  introduce  any  ullage,  yet  which 
permits  the  use  of  a  relatively  large  diameter  passage¬ 
way. 

A  feature  of  this  invention  is  the  provision  of  a  valve 
having  a  conical  passageway  which  is  obturated  by  a 
conical  spool.  The  spool  is  preloaded  closed  by  spring 
means;  and  is  operated  by  the  hydraulic  pressure  of  the 
liquid  flowing  through  the  passageway. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  advantages  and  features  of 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accom¬ 
panying  drawing  in  which: 

FIG.  1  is  a  longitudinal  cross-sectional  view  of  a  coni¬ 
cal  spool  injection  valve  embodying  this  invention; 

FIG.  2  is  a  transverse  cross-sectional  view  of  a  battery 
type  pun  embodying  the  valve  of  FIG.  1  taken  along 
plane  II — K  of  FIG.  3;  and 

FIG  3  is  a  longitudinal  cross-sectional  detail  view 
taken  along  plane  III— 11!  of  FIG.  2. 

DESCRIPTION  OF  THE  INVENTION 

As  seen  in  FIG  I,  the  conical  spool  injection  valve 
10  intercouples  a  supply  volume  12  of  liquid  with  a  uti¬ 
lization  volume  14,  all  shown  disposed  in  a  block  16.  in 
the  embodiment  of  a  gun  utilizing  liquid  propellants 
shown  in  FIGS.  2  and  3,  the  supply  volume  is  an  injec¬ 
tion  cylinder  12,  and  the  utilization  volume  is  a  firing 
chamber  54,  both  of  which  have  parallel  longitudinal 
axes.  The  longitudinal  axis  of  the  valve  is  perpendicular 
to  the  axes  of  the  chambers,  being  diametral  to  the  fir¬ 
ing  chamber,  and  eccentric  to  the  injection  cylinder. 
The  valve  includes  a  cylindrical  sleeve  22  closed  at  its 
aft  end  by  a  transverse  wall  24  having  an  air  vent  25 
and  held  in  a  mating  cylindrical  bore  26  by  a  forward 
bore  shoulder  28  and  an  aft  C-clip  30.  A  spool  32  in- 
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dudes  a  conical  portion  33  which  fits  in  a  mating  coni¬ 
cal  bore  34  extending  from  an  opening  35  in  the  side 
wall  of  the  chamtier  14  to  the  bore  26,  and  whose  for¬ 
ward  end  terminates  in  a  truncated  face  36  and  whose 
S  aft  end  38  is  cylindrical  to  ma't  with  and  slide  in  the 
bore  40  of  the  sleeve  22.  Suitab.e  ring  seals  42, 44  and 
46  are  also  provided.  A  helical  compression  spring  48, 
captured  between  and  within  the  sleeve  and  the  spool, 
biases  the  spool  forwardly  from  the  sleeve  to  obturate 
10  the  conical  bore  34. 

The  liquid  propellant  gun  shown  in  FIGS.  2  and  3  in¬ 
cludes  a  stationary  receiver  50  having  four  gun  barrels 
52  with  respective  firing  chambers  54.  Two  propellant 
liquids  are  supplied  to  each  firing  chamber  by  two  re- 
15  spective  injection  cylinders  12.  Each  cylinder  12  in¬ 
cludes  a  hollow  spool  56  fixed  to  a  rod  58  which  is  jour¬ 
nalled  through  a  piston  60.  An  inlet  port  62  is  coupled 
to  a  source  of  liquid,  and  the  end  of  the  cylinder  opens 
on  the  respective  conical  spool  injection  valve. 

20  Projectiles  are  fed  by  a  feeder  sprocket  64  to  a  hand 
off  sprocket  66  into  a  feed  ring  68  and  then  by  a  scoop 
ring  20  to  a  respective  chamber  S4.  A  bolt  72  having 
a  firing  electrode  74  is  reciprocable  aft  of  the  chamber. 
The  respective  bolts,  spools  and  pistons  may  all  be  cam 
25  controlled. 

A  cycle  of  operation  may  be  considered  to  start  after 
a  projectile  has  been  fired  from  a  gun  barrel,  as  seen  in 
FIG.  3.  The  bolt  72  unlocks  and  moves  aft,  uncovering 
the  opening  36.  The  hollow  spool  56  moves  aft,  uncov- 
30  ering  the  inlet  port  62.  The  piston  60  moves  aft,  suck¬ 
ing  liquid  into  the  cylinder  through  the  inlet  port  62 
and  the  hollow  spool  56,  while  Iwe  spring  48  holds  the 
conical  spool  32  of  the  injection  valve  closed.  The  hol¬ 
low  spool  56  moves  forward,  covering  the  inlet  port  62. 
35  A  projectile  is  fed  by  the  scoop  into  alignment  with  the 
firing  chamber  forward  of  the  bolt  72.  The  bolt  moves 
forward  to  the  inject  position  whereat  the  ring  seal  74 
of  the  projectile  is  forward  of  the  opening  36  and  the 
bolt  is  aft  of  the  opening.  The  piston  moves  forward  in 
40  tne  injection  stroke,  developing  relative  hydraulic  pres¬ 
sure  which  bears  against  the  conical  spool  32  to  over¬ 
come  the  bias  of  the  spring  48  to  open  the  injection 
valve.  Liquid  propellant  flows  through  the  valve  into 
the  chamber,  pushing  the  projectile  forward.  The  pis- 
45  ton  halts  in  its  forward  position,  the  relative  hydraulic 
pressure  falls  off  as  the  p-ojectile  moves  forward,  the 
spring  48  closes  the  inject  on  valve.  The  bolt  is  moved 
forward  to  its  locked  position  whereat  it  covers  the 
opening  35,  protecting  the  injection  valve  from  firing 
gas  pressure  and  seating  the  projectile  rotating  band 
into  the  rifling  of  barrel.  The  propellant  is  ignited  and 
the  projectile  is  fired. 

It  will  be  appreciated  that  the  opening  35  into  the 
inner  (ace  of  the  cylinder  54  is  concave  and  the  bolt 
wall  is  convex-cylindrical,  and  not  flat  as  the  smaller 
end  face  36  has  been  described.  Ideally,  the  end  face 
of  the  spool  may  be  made  concave-cylindrical  to  mate 
with  the  opening  and  the  bolt,  and  means  provided  to 
g.  prevent  rotation  of  the  spool  (e.g.,  a  square  post  fixed 
to  the  sleeve  and  journalled  in  a  square  blind  here  in 
said  spool.)  Practically,  the  end  face  of  the  spool  may 
be  made  flat  and  tangential  to  the  cylinder  54,  and  the 
resulting  ullage  will  be  insignificant 
6S  While  there  has  been  shown  and  described  a  pre- 
3  ferred  embodiment  of  this  invention,  i*.  will  be  appreci¬ 
ated  that  the  invention  may  be  embodied  otherwise 
than  as  herein  specifically  illustrated  or  described,  aadl 
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that  certain  changes  in  the  form  and  arrangement  of 
parts  and  in  the  specific  manner  of  practicing  the  in¬ 
vention  may  be  made  without  departing  from  the  un¬ 
derlying  idea  or  principles  of  this  invention  within  the 
scope  of  the  appended  claims. 

What  is  calimed  is: 

1.  A  gun  comprising: 

a  gun  barrel  having  a  propellant  combustion  cham¬ 
ber, 

a  cylinder  having  an  interior  bore; 

a  valve  body; 

a  truncated  conical  bore  in  said  body  having 
an  opening  in  its  sidewall  interfacing  said  interior 
bore  of  saiD  cylinder,  and 
its  smaller  cross-section  opening  into  the  inteflftf 
sidewall  surface  of  said  chamber; 

a  truncated  conical  spool  disposed  for  longitudinal 
reciprocation  in  said  conical  bore  and  having 
its  smaller  cross-section  face  substantially  congru¬ 
ent  to  said  smaller  cross-section  opening  of  said 
conical  bore  and  substantially  forming  a  portion 
of  -aid  interior  surface  of  said  chamber; 

spring  means  normally  biasing  said  spool  to  dispose 
its  said  smaller  face  into  said  smaller  opening  of 
said  conical  bore  to  thereby  obturate  said  conical 
bore,  with  said  smaller  face  being  flush  with  said 
interior  sidewall  surface  of  said  chamber,  thereby 
providing  said  sidewall  surface  with  a  uniform  sur¬ 
face,  free  of  lacunae. 

2.  A  gun  according  to  claim  1  further  including; 

a  cylindrical  bore  in  said  valve  body  longitudinally 


aligned  with  and  extending  from  and  having  a  di¬ 
ameter  larger  than  the  larger  cross-section  end  of 
said  conical  bore;  and 

a  cylindrical  plug  disposed  in  said  cylindrical  bore 
S  and  having  a  cylindrical  blind  bore  therein  for  re¬ 
ceiving  said  spool  when  it  is  displaced  against  said 
bias  of  said  spring  means. 

3.  A  gun  according  to  claim  2  further  including; 

an  additional  cylindrical  blind  bore  in  said  spool; 

10  said  spring  means  being  a  helical  compression  spring 
and  disposed  in  part  in  said  blind  bore  of  said  plug 
and  in  part  in  said  blind  bore  of  said  spool. 

4.  A  gun  according  to  claim  1  further  including: 

a  source  of  fluid  propellant  coupled  to  said  bore  of 
43  said  cylinder; 

a  piston  disposed  in  said  bore  of  said  cylinder  for 
pumping  fluid  propellant  against  said  conical  spool 
for  displacing  said  conical  spool  against  said  bias  of 
20  said  spring  means  and  thereby  passing  fluid  propel¬ 
lant  into  said  conical  bore  and  thence  into  said 
chamber. 

5.  A  gun  according  to  claim  1  further  including: 

means  disposed  in  said  gun  barrel  for  varying  the  vol- 

25  ume  of  said  chamber. 

6.  A  gun  according  to  claim  5  wherein: 

said  means  for  varying  the  volume  of  said  chamber 
includes 
a  projectile  and 
30  a  gun  bolt. 
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SEAL 

BACKGROUND  OF  THE  INVENTION 

1 .  Field  of  the  Invention 

This  invention  relates  to  a  centripetally  preloaded,  J 
annular  seal  for  combustion  apparatus,  especially 
adapted  to  use  in  a  liquid  propellant  gun.  The  invention 
herein  described  was  made  in  the  course  of  or  under  a 
contract  or  subcontract  thereunder  with  the  Depart¬ 
ment  of  the  Navy.  10 

2.  Prior  Art 

Annular  breech  seals  are  shown  in  U.S.  Pat.  Nos. 

3,1 14.290;  3,354,780;  and  3,403,596,  suitable  for  con¬ 
ventional  guns  firing  caseless  ammunition.  A  liquid 
propellant  gun  which  is  well  adapted  to  utilize  the  seal  15 
of  the  present  invention  is  shown  in  U.S.  P3t.  applica¬ 
tion  Ser.  No.  148,833,  filed  June  I.  1971  by  D.P.  Tas- 
sie,  to  which  reference  may  be  had  for  details  of  the 
total  system  not  herein  shown. 

20 

SUMMARY  of  the  invention 

Liquid  propellant  guns,  like  other  guns  firing  caseless 
ammunition,  must  be  provided  with  seals  to  prevent  the 
escape  of  gas  from  the  firing  chamber  during  the  cora- 
oustion  process.  25 

Accordingly,  it  is  an  object  of  this  invention  to  pro¬ 
vide  a  seal  for  a  cylindrical  combustion  chamber  which 
is  presealed  before  firing. 

A  feature  of  this  invention  is  the  provision  of  a  seal 
and  a  multi  diametered  chamber  which  centripetally  30 
deflects  the  seal  to  generate  a  preseating  force  thereon. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

FIG.  1  is  a  schematic  in  longitudinal  cross  section  of 
a  prior  art  firing  chamber,  such  as  is  shown  in  Ser.  No. 
148,833  supra; 

FIG.  2  is  a  schematic  in  longitudinal  cross  section  of 
a  seal  embodying  this  invention; 

FIG.  3  is  a  schematic  in  longitudinal  cross-section  of 
a  multi  diametered  firing  chamber  and  seal  embodying 
this  invention;  and 

FIG.  4  is  a  detail  view  in  longitudinal  cross-section  of 
a  gun  embodying  this  invention. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

In  guns  firing  conventional  cased  ammunition,  the 
interface  between  the  combustion  chamber  and  the 
gun  bolt  is  sealed  by  the  cartridge  case. 

In  the  prior  art  guns,  as  shown  in  FIG.  1,  utilizing  liq¬ 
uid  propellant  and  a  projectile  10  without  a  cartridge 
case,  the  interface  between  the  combustion  chamber 
12  and  the  gun  bolt  14  is  closed  by  a  seal  16  which  is 
carried  by  the  bolt  and  has  a  slight  clearance  with  re¬ 
spect  to  the  wall  of  the  chamber.  This  allows  the  seal 
to  be  easily  inserted  into  the  chamber  during  the  load¬ 
ing  operation.  After  firing,  as  the  combustic  i  gases  are 
developed  in  the  chamber  and  the  gas  pressure  rises,  a 
small  flow  of  gas  develops  past  the  periphery  of  the 
seal.  This  flow  induces  a  pressure  differential  between 
the  stagnant  gas  within  the  chamber  and  the  flowing  gas 
without  the  chamber.  The  higher  pressure  within  the 
chamber  causes  the  seal  to  expand  centrifugally  until  it 
abuts  the  chamber  wall  and  obstructs  further  gas  flow. 
From  this  condition  on,  the  seal  is  self-energizing  in 
that  a  higher  gas  pressure  within  the  chamber  tends  to 
scat  the  seal  yet  more  firmly.  The  disadvantage  of  such 


2 

conventional  seals  is  that  the  small  initial  leakage 
causes  heating  and  erosion  of  the  seal,  and  often  allows 
foreign  particles  to  enter  the  gap  and  to  interfere  with 
the  seating  of  the  seal. 

The  combination  of  the  seal  and  the  firing  chamber 
shown  in  FIGS.  2  and  3  provides  a  full  seating  of  the 
seal  with  both  the  chamber  and  the  gun  bolt  before  fir¬ 
ing. 

The  seal  20  is  shown  in  its  free  state  in  FIG.  2,  and 
is  transversely  annular,  with  a  substantially  triangular 
longitudinal  cross-section.  The  seal's  outer  annular  sur¬ 
face  22  has  a  small  positive  taper  forward  the  front, 
shown  as  angle  PT,  its  aft  transverse  surface  24  may  be 
slightly  conical  internally,  shown  as  angle  NT.  and  its 
hypotenuse  may  be  concave.  If  the  seal  is  subjected  to 
an  annular,  centripetal  force  on  its  forward  edge  annu¬ 
lus  26,  a  compound  deflection  will  occur  which  pivots 
the  longitudinal  cross  section  about  a  transverse  annu¬ 
lar  axis,  so  that  the  major  diameter  D,  of  the  forward 
edge-annulus  is  reduced,  reducing  the  angle  PT,  and 
the  aft  transverse  surface  24  becomes  less  conical,  in¬ 
creasing  the  angle  NT. 

The  chamber  30  has  an  internal  diameter  Dr  with  a 
tapered  aft  entrance  or  lead-in  portion  32  having  an  ini¬ 
tial  aft  internal  diameter  Dt  greater  than  D,  and  a  for¬ 
ward  internal  diameter  equal  to  Dr.  FIG.  3  shows  the 
seal  20*  in  its  free  state.  As  the  seal  advances  through 
the  lead-in  portion  towards  the  firing  portion  the  for¬ 
ward  edge  annulus  26  engages  the  wall  32  and  is  pro¬ 
gressively  deflected  by  the  peripheral  force  F\  to  re¬ 
duce  its  major  diameter  D,.  When  the  forward  edge  an¬ 
nulus  26  enters  the  firing  section  as  at  20",  the  periph¬ 
eral  force  F"  plateaus  at  a  maximum,  while  the  major 
diameter  D,  plateaus  at  a  minimum  which  is  the  diame¬ 
ter  of  the  firing  chamber  Dr,  with  the  forward  edge  an¬ 
nulus  firmly  seated  against  the  chamber  wall.  As  a  re¬ 
sult  of  the  compound  deflection,  the  aft  inner  edge  an¬ 
nulus  28  of  the  seal  will  be  firmly  seated  against  the 
face  34  of  the  bolt  36.  Thus  the  preseating  of  the  for¬ 
ward  edge  26  against  the  chamber  wall  and  the  preseat¬ 
ing  of  the  inner  edge  28  against  the  bolt  face  will  pre¬ 
clude  the  flow  of  gas  or  particles  past  the  seal,  and  any 
resultant  erosion. 

After  firing,  as  the  gas  pressure  builds  up,  the  aft 
outer  edge  annulus  29  of  the  seal  will  expand,  until  the 
outer  annular  surface  22  contacts  the  chamber  wall 
along  its  full  length,  with  the  seal  minor  diameter  D, 
also  equal  to  Dc,  and  the  aft  face  24  contacting  the  bolt 
face  34  along  its  full  length.  Thereafter,  under  in¬ 
creased  gas  pressure,  the  seal  and  the  chamber  will  ex¬ 
pand  together.  After  discharge,  the  seal’s  elasticity  will 
cause  it  to  return  to  the  condition  of  20". 

In  a  gun  embodiment,  a  barrel  50  having  a  chamber 
52  similar  to  30/32  is  locked  into  a  receiver  54.  A  bolt 
56  reciprocates  in  the  chamber  and  carries  a  chamber 
seal  58,  similar  to  20,  which  is  held  by  a  retainer  60  and 
a  resilient  washer  62.  The  aft  end  of  the  retainer  is 
threaded  at  64  into  a  bore  66  in  the  bolt.  An  electrode 
68  is  fixed  in  a  bore  70  through  the  retainer  and  boh 
by  an  insulator  72  and  a  wedge  74.  As  the  bolt  ad¬ 
vances  into  the  chamber  entrance  32  the  seal  58  is  dis¬ 
torted  by  the  chamber  wall  and  preseated  thereagainst 
as  described  with  respect  to  FIG.  3. 

What  is  claimed  is: 

1.  A  combustion  apparatus  comprising: 

a  vessel  having  a  substantially  cylindrical  chamber 
therein. 
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said  chamber  having  an  internal  wall  having  an  aft 
entrance  portion  merging  into  a  forward  firing  por¬ 
tion, 

said  aft  entrance  portion  having  an  aft,  initial,  in¬ 
ternal  diameter  and  a  forward,  final  diameter,  5 
said  initial  diameter  being  greater  than  said  final 
diameter; 

a  piston  far  obturating  said  forward  portion  of  said 
chamber, 

said  piston  having  a  resilient,  integral,  annular  seal  10 
mounted  thereon, 

said  sea!  being  transversely  annular,  with  substan¬ 
tially  triangular  longitudinal  cross-section,  hav¬ 
ing  an  outer  annular,  approximately  cylindrical 
face  and  an  aft,  annular,  approximately  ttans-  15 
verse  face, 

said  outer  face  having  a  forward-most  annular 
edge,  which  in  the  free  state  of  said  seal  is 
greater  in  external  diameter  than  the  remain¬ 
der  of  said  outer  face,  and  which  in  the  free  20 
state  is  less  than  said  initial  internal  diameter  of 
said  chamber  and  greater  than  said  final  inter¬ 
nal  diameter  of  said  chamber; 

whereby,  as  said  piston  is  advanced  longitudinally 
forwardly  through  said  entrance  portion  of  said  2S 
chamber,  said  forward-most  annular  edge  of  said 
seal  and  only  said  forward-most  annular  edge  en¬ 
gages  said  wall  of  said  chamber,  and  the  externa] 
diameter  of  said  forward-most  annular  edge  is  pro- 
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gressively  reduced  thereby,  providing  a  continuous 
edge  sealing  between  said  seal  and  said  wall;  and 
said  piston  has  a  forward  facing  transverse  surface  a ft 
of  and  adjacent  to  said  seal; 
said  aft,  annulat,  approximately  transverse  face  of 
said  seal  having  an  inner  annular  edge  which  in  the 
free  state  of  said  seal  is  longitudinally  forward  of 
the  remainder  of  said  aft  face, 
whereby,  as  said  external  diameter  of  said  forward- 
most  a-nnular  edge  of  said  seal  is  progressively  re¬ 
duced,  said  inner  annular  edge  is  displaced  pro¬ 
gressively  longitudinally  aft,  and  said  inner  annular 
edge,  and  only  said  inner  annular  edge  engages  said 
forward  facing  transverse  surface,  providing  a  con¬ 
tinuous  edge  sealing  between  said  seal  and  said  sur¬ 
face. 

2.  A  combustion  apparatus  according  to  claim  1 
wherein: 

said  chamber  aft  entrance  portion  has  a  negative 
taper  from  its  aft  initial  diameter  to  said  final  diam¬ 
eter,  said  final  diameter,  being  the  diameter  of  said 
forward  firing  portion. 

3.  A  combustion  apparatus  according  to  claim  1 
wherein: 

said  apparatus  is  a  gun; 
said  vessel  is  a  gun  barrel;  and 
said  piston  is  a  gun  bolt. 


35 


40 


45 


SO 


55 


60 


65 


United  States  Patent  ,,9, 

Ashley 


mi  4,011,817 
1 45 1  Mar.  IS,  1977 


[  54 1  LIQUID  PROPELLANT  WEAPON  SYSTEM 

175|  Inventor:  Eugene  Ashley.  Burlington,  Vt. 

(73  |  Assignee:  General  Electric  Company, 
Burlington.  Vt, 

[22 1  Filed:  May  7,  1975 

(211  Appl.  No  :  575,283 

(52|  U.S.  Cl .  102/38:102/40 

151 1  Int.  Cl.- .  F42B  5/16;  F42B  9/14 

(58 1  Field  of  Search  .  102/38.  40,  43  R,  24  R; 

89/7 

1 56 1  References  Cited 

UNITED  STATES  PATENTS 


692.819  2/1902  Bissell  .  102/38 

2.835.198  5/1958  Bromhachcr  .  102/38 

2.960.031  11/1960  Clift  .  102/38  X 

3.011.404  12/1961  Russell  .  102/38  UX 

3.065.695  11/1962  Jarrett  .  102/38 


3.289.584  12/1960  Stadlcret  .il  MO  38 

3.326.084  6/1967  Barbicri  ct  al  102  38  X 

3.601.061  8/1971  Dardick  .  102/38  X 

3,680,485  8/1972  /.aid  ct  al  102/38  X 

FOREIGN  PATENTS  OR  APPLICATIONS 

721,289  6/1942  German* . 102/40 


Primary  Examiner — David  H.  Brown 
Attorney.  Agent,  or  Eirni — Bailin  L.  Kuch 

(57)  ABSTRACT 

A  gun  and  ammunition  system  is  provided  which  uti¬ 
lizes  the  difference  in  density  between  the  combustion 
gases  and  the  charge  of  liquid  propellant  as  the  source 
of  energy  for  the  injec  ;on  of  propellant  into  the  com¬ 
bustion  chamber. 

19  Claims,  18  Drawing  Figures 


4b. 


U.S.  Patent  Mar.  15, 1977 


Sheet  3  of  3 


4,011,817 


1 


4,011,817 


LIQUID  PROPELLANT  WEAPON  SYSTEM 
BACKGROUND  OF  THE  INVENTION 

1 .  Field  of  the  Invention 

This  invention  relates  to  weapons  systems  employing 
a  liquid  propellant,  and  particularly  to  such  systems 
wherein  the  propellant  is  continuously  pumped  into  the 
combustion  chamber  aft  of  the  projectile  as  the  projec¬ 
tile  advances  along  the  firing  bore. 

2.  Prior  Art 

In  my  earlier  patent  application,  Ser.  No.  469,507, 
now  abandoned,  filed  May  13,  1974, 1  disclosed  a  gun 
and  ammunition  system  utilizing  a  round  of  ammuni¬ 
tion  carrying  a  relatively  narrow  diameter  and  rela¬ 
tively  high  mass  projectile  in  a  relatively  wide  and  rela¬ 
tively  low  m?is  sabot  which  is  initially  accelerated  by  a 
primary  propellant  charge  in  the  combustion  chamber 
aft  of  the  projectile  and  which  is  passed  during  a  rela¬ 
tively  extended  period  of  time  to  the  combustion  cham¬ 
ber.  Additional  prior  art  is  cited  and  discussed  in  that 
application  which  is  hereby  incorporated  by  reference. 

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  provide  a  gun  and 
ammunition  system  utilizing  a  liquid  propellant  travel¬ 
ing  charge  which  is  simpler  than  the  area  differential 
system  disclosed  in  Ser.  No.  469,507  supra. 

A  feature  of  this  invention  is  the  provision  of  a  gun 
and  ammunition  system  which  utilizes  the  difference  in 
density  between  the  combustion  gases  and  the  charge 
of  liquid  propellant  as  the  source  of  energy  for  the 
injection  of  propellant  into  the  combustion  chamber. 

During  the  combustion  of  the  propellant,  an  ex¬ 
tremely  steep  inertial  gradient  exists  between  the  face 
of  the  gun  bolt  and  the  projectile;  and  the  lighter  com¬ 
bustion  gas  propagates  forwardly  into  the  liquid  charge 
of  propellant.  An  injector  device  is  provided  which  has 
a  lower  average  density  than  the  density  of  the  liquid 
charge  and  which  utilizes  this  difference  in  density  to 
control  the  entrance  of  liquid  propellant  in  the  combus¬ 
tion  zone  or  chamber.  The  injector  device  also  defines 
and  controls  the  interface  between  the  liquid  propel¬ 
lant  and  the  combustion  gas  and  provides  a  true  travel¬ 
ing  charge  effect. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  features,  and  advantages  of 
this  invention  will  be  apparent  from  the  following  spec¬ 
ification  thereof  taken  in  conjunction  with  the  accom¬ 
panying  drawing  in  which: 

FIG.  1  is  a  schematic  view  of  a  gun  and  ammunition 
system  embodying  this  invention; 

FIGS.  2A,  2B,  2C,  and  2D  are  schematic  views  of 
various  species  of  cavity  generators  embodying  this 
invention; 

FIGS.  3A  and  3B  are  schematic  views  of  a  fin-stabil¬ 
ized  cavity  generator  embodying  this  invention; 

FIGS.  4A,  4B,  4C,  and  4D  arc  schematic  detail  views 
of  additional  species  of  cavity  generators  embodying 
this  invention; 

FIGS.  5A  and  5B  are  schematic  longitudinal  cross- 
scction  views  of  two  species  of  a  cased,  pre-loaded 
liquid  propellant  round  of  ammunition  embodying  this 
invention. 

FIGS.  SC  and  5D  are  schematic  longitudinal  cross- 
section  views  of  a  stub-cased,  in-the-gun-filled  round  of 


2 

ammunition  before  and  after  loading  with  liquid  pro¬ 
pellant,  respectively,  and  embodying  this  invention; 

FIGS.  SE  and  5F  are  schematic  longitudinal  cross- 
section  views  of  a  caseless,  in-the-gun-filled  round  of 
5  ammunition  before  and  after  loading  with  liquid  pro¬ 
pellant,  respectively,  and  embodying  this  invention; 
and 

FIG.  6  is  a  detail  view  in  longitudinal  cross-section  of 
the  round  of  FIG.  5D. 

!  ‘  DESCRIPTION  OF  THE  EMBODIMENTS 

Taylor  cavity  formation  and  subsequent  Helmholtz 
mixing  are  considered  fundamental  mechanisms  in 
bulk-loaded  liquid  propellant  guns.  Behavior  of  the 
15  liquid  gas  interface,  and  hence  of  combustion  pro¬ 
cesses,  are  attributed  to  these  phenomena.  The  dyan- 
mics  of  two-phase  flow  under  accelerations  as  extreme 
as  those  in  guns  support  this  supposition,  and  evidence 
exists  to  confirm  it.  Though  chamber  pressures  are 
20  higher  than  critical,  and  transition  between  phases 
takes  place  differently  than  at  lower  pressure  levels, 
large  density  differences  must  exist  between  burned 
and  unbumed  charges.  The  less  dense  regions  of  com¬ 
bustion  products  undoubtedly  migrate  through  the 
25  denser  unbumed  propellant.  Much  turbulence  and 
liquid  break-up  certainly  occurs. 

FIG.  1  shows  a  liquid  propellant  traveling  charge  10 
behind  a  projectile  12  in  a  bore  14  in  a  gun  barrel  16. 
Acceleration  is  taking  place  toward  the  right.  Behind 
30  the  liquid  charge  is  shown  a  new  component:  a  cavity 
generator  18.  This  is  here  shown  as  an  ogive  having  a 
circular  arc  body  of  revolution.  Behind  the  cavity  gen¬ 
erator  18  is  the  combustion  zone  20  containing  the  hoi 
gases  which  constitute  the  product"  o'  eoivibustion.  The 
35  cavity  generator  substantially  separat  .-s  tb<*  main  body 
of  the  liquid  charge  from  tht  n  n  bustior. 

The  design  of  the  cavity  jfvne, 18  give.-,  u  another 
more  significant  function,  ix  is  constructed  so  that  its 
density  is  less  than  that  of  the  liquid  charge  10  sur- 
40  rounding  it.  In  the  high  inertial  gradient  associated  with 
acceleration  in  the  gun  barrel,  the  lighter  cavity  genera¬ 
tor  will  tend  penetrate  the  liquid  charge.  This  is 
analogous  to  the  penetration  of  gas  in  the  Taylor  cavity 
theory  as  applied  to  guns.  As  the  cavity  generator  pene- 
45  trates,  it  will  displace  liquid  which  necessarily  flows 
rearward  of  the  generator  in  a  relative  sense.  The  cavity 
generator  thus  acts  as  an  injector  system,  controlling 
the  rate  at  which  liquid  charge  enters  the  combustion 
zone.  As  it  penetrates  into  the  liquid  charge,  the  cavity 
50  generator  literally  shapes  and  controls  a  quasi-Taylor 
cavity. 

FIG.  1  shows  the  cavity  generator  as  a  solid  displace¬ 
ment  body  of  appropriate  density  to  aid  in  visualiza¬ 
tion.  However,  a  solid  body  of  revolution  is  not  neces- 
55  sarily  the  most  practical  arrangement  for  actual  appli¬ 
cation.  It  occupies  volume  in  the  chamber  before  firing, 
and  it  must  be  expelled  as  debris  after  the  projectile 
leaves  the  muzzle.  It  is  advantageous  to  reduce  its  bulk. 

One  way  of  reducing  the  bulk  of  the  cavity  generator 
60  is  to  make  the  generator  hollow.  Instead  of  a  solid 
body,  it  becomes  a  thin  shell,  open  at  the  rear  and  filled 
with  combustion  gas.  The  products  of  coml  jstion  will 
have  variable  density  as  pressure  changes,  but  the  aver¬ 
age  density  of  the  products  of  comb,  stion  and  the 
65  generator  will  always  be  less  than  that  of  the  unbumed 
liquid  charge. 

In  this  approach,  the  lightest,  thinnest  design  is  uti¬ 
lized.  ITie  cavity  generator  acts  more  as  a  gas-filled 
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Ac  =  bore  area 

Penetration  velocity  gives  a  measure  of  the  flow  rate 
of  propellant  into  the  combustion  zone.  This  can  be 
combined  with  equations  for  the  energy  balance  within 
the  gun  chamber  to  calculate  chamber  pressure  and  S 
projectile  motion  as  functions  of  time. 

What  is  claimed  is: 

1.  A  round  of  ammunition  comprising: 

a  projectile  having  a  first  average  density; 
a  cavity  generator  having  a  second  average  density;  10 
and 

a  charge  of  liquid  propellant  having  a  third  average 
density  which  is  greater  than  said  second  average 
density; 

said  charge  of  liquid  propellant  being  disposed  be-  15 
tween  said  projectile  and  said  cavity  generator; 
said  generator  being  adapted  to  enter  into  said 
charge  and  form  a  cavity  in  the  aft  portion  of  said 
charge  which  is  aft  of  said  generator. 

2.  A  round  of  ammunition  comprising:  20 

a  projectile  having  a  first  average  density; 

a  cavity  generator  having  a  second  average  density; 
a  charge  of  a  combustible  liquid  having  a  third  aver¬ 
age  density  which  is  greater  than  said  second  aver¬ 
age  density;  25 

said  charge  of  combustible  liquid  being  disposed 
between  said  projectile  and  said  cavity  generator; 
and 

means  for  providing  a  volume  of  combustion  gas  aft 
of  said  cavity  generator  for  forwardly  advancing  30 
said  cavity  generator  into  said  charge  of  combusti¬ 
ble  liquid;  and 

means  for  passing  displaced  combustible  liquid  aft- 
wardly  past  said  cavity  generator  into  said  volume 
of  combustion  gas.  35 

3.  A  round  of  ammunition  according  to  claim  2 
wherein: 

said  first  average  density  is  greater  than  said  third 
average  density. 

4.  A  round  of  ammunition  according  to  claim  2  fur¬ 
ther  including: 

container  means  for  holding  said  projectile  forward- 
most,  and  said  charge  of  liquid  propellant  and  said 
cavity  generator  in  serial  order  aft  thereof. 

5.  A  round  of  ammunition  according  to  claim  4  4 
wherein: 

said  means  for  providing  combustion  gas  comprises  a 
charge  of  explosive  disposed  in  the  aft  portion  of 
said  container  means. 

6.  A  round  of  ammunition  according  to  claim  4  5 
wherein: 

said  means  for  passing  displaced  liquid  comprises  an 
annular  opening  defined  by  and  between  said  cav¬ 
ity  generator  and  said  container  means. 

7.  A  round  of  ammunition  according  to  claim  6 
wherein: 


6 

said  cavity  generator  has  a  trailing  edge  with  a  plural¬ 
ity  of  serrations  therein  which  are  bent  outwardly 
and  serves  as  flow  spoilers. 

8.  A  round  of  ammunition  according  to  claim  6 
wherein: 

said  cavity  generator  has  a  trailing  edge  with  a  plural¬ 
ity  of  tabs  spaced  by  aperatures  and  webs  which  are 
bent  inwardly  to  serve  as  flow  deflectors. 

9.  A  round  of  ammunition  according  to  claim  6 
wherein: 

said  container  means  has  a  cylindrical  inner  wall 
having  a  first  inner  diameter; 

said  projectile  has  a  maximum  second  outer  diameter 
substantially  equal  to  said  first  diameter;  and 

said  cavity  generator  has  a  maximum  third  outer 
diameter  less  than  said  first  diameter. 

10.  A  round  of  ammunition  according  to  claim  9 
wherein: 

said  cavity  generator  has  a  plurality  of  radially  ex¬ 
tending  fins,  thereby  having  an  overall  maximum 
diameter  equal  to  said  first  diameter. 

11.  A  round  of  ammunition  according  to  claim  6 
wherein: 

said  cavity  generator  has  an  ogive  of  a  circular  arc 
body  of  revolution,  whose  point  is  directed  for¬ 
wardly  and  whose  base  is  directed  aftwardly. 

12.  A  round  of  ammunition  according  to  claim  1 1 
wherein: 

said  cavity  generator  has  a  plurality  of  longitudinally 
extending  flutes  in  its  outer  surface. 

13.  A  round  of  ammunition  according  to  claim  11 
wherein: 

said  cavity  generator  is  a  hollow  envelope,  closed 
forwardly  and  open  aftwardly. 

14.  A  round  of  ammunition  according  to  claim  11 
wherein: 

said  cavity  generator  comprises  a  plurality  of  ogives 
fixed  together  in  spaced  apart  relation,  the  spaces 
between  said  ogives  serving  as  fluid  passing  noz¬ 
zles. 

15.  A  round  of  ammunition  according  to  claim  14 
wherein: 

each  of  said  nozzles  has  a  swirl  generator. 

16.  A  round  of  ammunition  according  to  claim  14 
wherein: 

each  of  said  nozzles  has  a  plurality  of  orifices. 

17.  A  round  of  ammunition  according  to  claim  II 
wherein: 

said  cavity  generator  has  a  central  fluid  passing  noz¬ 
zle  formed  along  its  longitudinal  axis. 

18.  A  round  of  ammunition  according  to  claim  17 
wherein: 

said  nozzle  has  a  swirl  generator. 

19.  A  round  of  ammunition  according  to  claim  17 
wherein: 

said  nozzle  has  a  plurality  of  orifices. 

***** 
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[57]  ABSTRACT 

A  liquid  propellant  gun  utilizes  a  differential  piston 
having  a  plurality  of  bores  through  its  head,  which  head 
divides  the  liquid  propellant  pumping  chamber  from 
the  combustion  chamber,  and  propellant  supply  means 
providing  liquid  propellant  under  pressure  into  said 
pumping  chamber,  which  propellant  under  pressure 
both  advances  the  piston  to  enlarge  the  pumping  cham¬ 
ber  and  to  decrease  the  combustion  chamber  and  in¬ 
jects  and  atomizes  a  predetermined  quantity  of  propel¬ 
lant  through  said  bores  from  said  pumping  chamber 
into  said  combustion  chamber,  and  a  check  valve 
which  precludes  flow  of  liquid  propellant  under  pres¬ 
sure  from  said  piston  to  said  propellant  supply  means 
and  damps  said  piston  at  the  end  of  its  combustion 
stroke  by  means  of  a  damping  cylinder. 
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LIQUID  PROPELLANT  GUN  (CHECK  VALVE  AND 
DAMPER) 

BACKGROUND  OF  THE  INVENTION  5 

1 .  Field  of  the  Invention 

This  invention  relates  to  liquid  propellant  guns  utiliz¬ 
ing  a  differential  piston  to  provide  continued  or  regen¬ 
erative  injection  of  propellant  into  the  combustion 
chambers  afte  initial  ignition  of  propellant  in  the  cham-  10 
ber. 

2.  Prior  Art 

Liquid  propellant  guns  utilizing  differential  pistons  to 
pump  propellant  into  the  combustion  chamber  during 
combustion  are  now  well  known.  Early  work  is  de-  15 
scribed  in  a  Final  Report  of  Nov.  19,  1953— Jan.  31, 
1956  under  contract  DA-36-034-ORD- 1 504RD, 
Project  TS 1-47-8  by  V.  M.  Barnes,  Jr.  et  al  which  ap¬ 
parently  in  part  corresponds  to  Jukes  et  al,  U.S.  Pat. 

No.  3,138,990  filed  Oct.  9,  1961;  in  a  report  No.  17-2  20 
of  June  15,  1954  under  contract  NOrd-10448  by  C.  R. 
Foster  et  al;  and  in  a  Final  Report  of  Sept.  1,  1957 
under  contract  NOrd  16217,  Task  1 ,  by  L.  C.  Elmore  et 
al.  Other  patents  of  interest  are  J.  W.  Treat,  Jr.,  U.S. 

Pat.  No.  2,922,341,  filed  Nov.  7.  1955;  E.  J.  Wilson,  Jr.  25 
et  al  U.S.  Pat.  No.  2,981,153.  filed  Nov.  14.  1952;  C. 

M.  Hudson,  U.S.  Pat.  No.  2,986,072,  filed  Nov.  19, 
1952;  and  E.  J.  Vass,  et  al,  U.S.  Pat.  No.  3,690,255 
filed  Oct.  1,  1970.  Certain  of  these  patents,  e.  g.  Jukes 
et  al,  show  the  use  of  valves  to  control  the  entrance  of  3 
propellant  into  the  combustion  chamber. 

An  object  of  this  invention  is  to  provide  an  improved 
check  valve  for  a  liquid  propellant  gun  having  a  com¬ 
bustor  assembly  utilizing  a  different  piston  which  will  3J 
preclude  ullage  at  the  supply  face  of  said  piston  and  3 
which  will  provide  damping  of  said  piston  at  the  end  of 
its  combustion  stroke. 

A  feature  of  this  invention  is  the  provision  of  a  liquid 
propellant  gun  utilizing  a  differential  piston  having  a  M 
plurality  of  bores  through  its  head,  which  head  divides 
the  liquid  propellant  pumping  chamber  from  the  com¬ 
bustion  chamber,  and  propellant  supply  means  provid¬ 
ing  liquid  propellant  under  pressure  into  said  pumping 
chamber,  which  propellant  under  pressure  both  ad-  45 
vances  the  piston  to  enlarge  the  pumping  chamber  and 
to  decrease  the  combustion  and  injects  abd  atomizes  a 
predetermined  quantity  of  propellant  thrgugh  said 
bores  from  said  pumping  chamber  into  said  combustion 
chamber,  and  a  check  valve  which  precludes  flow  of  50 
liquid  propellant  under  pressure  from  said  piston  to 
said  propellant  supply  means  and  damps  said  piston  at 
the  end  of  its  combustion  stroke. 

RELATED  CASES  J5 

Subject  matter  directed  to  the  different  piston  dis¬ 
closed  herein  is  claimed  in  the  application  of  A.  R. 
Graham,  filed  concurrently  herewith,  Ser.  No. 
694,866.  Subject  matter  directed  to  scaling  using  a 
plurality  of  combustor  assemblies  disclosed  herein  is  60 
claimed  in  the  application  of  A.  R.  Graham,  filed  con¬ 
currently  herewith  Ser.  No.  694,869. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  advantages  and  features  of  65 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accom¬ 
panying  drawing  in  which: 
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FIG.  1  is  a  detail  view  in  longitudinal  cross-longitudi¬ 
nal  cross-section  of  a  gun  incorporating  a  combustor 
assembly  embodying  this  invention; 

FIG.  2  is  an  enlarged  detail  of  FIG.  1  of  the  combus¬ 
tor  assembly  in  the  end  of  propellant  injection  mode; 

FIG.  3  is  a  transverse  view  in  cross-section  taken 
along  the  plane  III— III  of  FIG.  2; 

FIG.  4  is  an  enlarged  detail  of  FIG.  1  of  the  combus¬ 
tor  assembly  in  the  propellant  Ailing  mode;  and 

FIG.  5  is  a  transverse  view  in  cross-section  of  a  gun 
incorporating  a  plurality  of  the  combustor  assemblies 
of  FIG.  I  taken  along  the  folded  plan  V— V. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

This  invention,  as  shown  in  FIG.  1,  may  be  incorpo¬ 
rated  in  a  liquid  propellant  gun  of  the  type  shown  by  D. 
P.  Tassie  in  U.  S.  Pat.  No.  3,763,739.  However,  the 
invention  as  here  shown  utilizes  a  monopropellant, 
although  the  regenerative  piston  system  is  applicable  to 
bipropellants  as  well. 

The  gun  system  includes  a  gun  barrel  10,  having  a 
gun  bore  12,  which  is  Axed  in  a  forward  bore  14  of  a 
housing  16.  The  housing  has  an  aft  bore  18,  with  a 
plurality  of  locking  recesses  20,  which  receives  a  gun 
bolt  22  having  a  plurality  of  locking  lugs  24.  A  projec¬ 
tile  26  having  a  rotating  band  27  may  be  inserted 
through  the  aft  bore  18  and  pushed  forwardly  into  the 
gun  bore  12  by  the  bolt  22,  which  bolt  is  then  locked  in 
and  to  the  housing.  The  bank  27  makes  a  gas  tight  seal 
with  the  bore. 

The  housing  16  may  have  one,  or  as  shown  in  FIG.  5, 
a  plurality  of  combustor  assemblies  28.  As  shown  in 
FIGS.  1,  2  and  4,  each  combustor  assembly  includes  a 
longitudinal  bore  30  having  a  combustion  chamber 
portion  32  and  a  liquid  propellant  inlet  chamber  por¬ 
tion  34.  A  coaxial  check  valve  36  is  Axed  in  the  bore  30 
and  includes  an  outer  annular  housing  38  which  is 
externally  threaded  at  40  to  engage  threads  42  and  a 
shoulder  44  in  the  bore  30,  and  has  a  longitudinal  bore 
in  three  stepped  portions:  a  portion  46  having  the 
smallest  diameter,  a  portion  48  having  an  intermediate 
diameter,  and  a  portion  50  having  the  largest  diameter. 
The  housing  38  has  a  left  face  52,  an  internal  shoulder 
54,  an  internal  shoulder  56,  and  a  right  face  58.  A 
sleeve  60  has  an  longitudinal  bore  62,  a  left,  truncated 
conical,  annular  head  portion  64,  and  a  tail  portion 
including  an  intermediate  portion  provided  by  a  plural¬ 
ity  (here  shown  as  three)  of  longitudinally  extending, 
circumferentially  spaced  apart,  beams  66,  and  a  right 
portion  provided  a  like  plurality  of  heel,  enlarged  ter¬ 
minations  68  on  each  beam.  The  right  portion  has  a  left 
face  70  which  will  abut  the  shoulder  56,  the  left  portion 
has  a  right  face  72  which  will  mate  with  and  will  seal 
against  the  face  52,  a  conical,  peripheral  face  74,  and  a 
left  face  76.  A  helical  compression  spring  78  is  dis¬ 
posed  between  the  shoulder  54  and  the  face  70  and 
biases  the  sleeve  60  to  the  right. 

A  piston  100  has  a  head  portion  102  which  slides  in 
the  combustion  chamber  portion  32  and  a  stem  portion 
104  which  slides  in  the  bore  62  of  the  sleeve  60.  The 
head  portion  has  an  L-ring  longitudinal  cross-section 
with  an  outer-peripheral  surface  106  for  sliding  engage¬ 
ment  with  the  wall  of  the  chamber  32,  a  right  transverse 
annular  surface  108  which  will  mate  with  and  will  seal 
against  the  face  76,  a  right  conical  annular  surface  1 10 
which  will  mate  with  and  will  seal  against  the  face  74, 
a  transverse,  annular  surface  III  which  will  mate  with 
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and  will  seal  against  the  face  52  a  left  face  112  having 
a  conical  recess  1 14,  and  a  plurality  of  bores  1 16  dis¬ 
posed  in  an  annular  row  and  interconnecting  the  face 
108  with  the  recess  1 14. 

The  left  end  of  the  combustion  chamber  30  is  closed  5 
by  a  plug  1 16  which  carries  a  spark  plug  1 18.  A  respec¬ 
tive  radial  bore  120  communicates  between  the  respec¬ 
tive  combustion  chamber  32  and  the  left  end  of  the 
bore  12. 

The  right  end  of  each  liquid  propellant  inlet  chamber  10 
portion  34  opens  into  an  annular  or  manifold  passage¬ 
way  124,  which  in  turn  is  open,  at  126,  to  a  propellant 
supply  valve  128.  The  valve  includes  a  housing  130 
having  an  inlet  port  132,  a  cylinder  134,  and  a  spool 
136.  The  spool  may  be  cam  controlled,  as  shown  in  15 
U.S.  Pat,  No.  3.763,739  for  synchronization  with  the 
other  gun  functions 

As  shown  in  FIG.  1,  before  loading,  the  valve  128  is 
closed  and  the  piston  100  is  in  its  righthandmost  posi¬ 
tion  wherein  it  is  nested  with  and  sealed  to  the  check  20 
valve  36.  A  projectile  26  is  inserted  into  the  gun  bore 
12  and  the  bolt  22  is  closed  and  locked.  The  spool  136 
is  shifted  to  the  left,  opening  the  valve  128,  admitting 
liquid  propellant  under  pressure  into  the  manifold  124. 
Propellant  under  pressure  passes  into  the  chamber  25 
portion  34  and  into  the  longitudinal  recesses  between 
the  beams  68,  and  applies  pressure  against  the  surface 
72  of  the  portion  64  to  shift  the  portion,  against  the  bias 
of  the  spring  78,  away  from  the  surface  52,  to  permit 
the  flow  of  liquid  propellant  around  the  portion  64  and  30 
against  the  surface  108  and  1 10  of  the  head  102  of  the 
piston.  This  pressure  provided  by  the  incoming  liquid 
propellant  pushes  the  piston  head  to  the  left,  creating 
and  enlarging  the  available  volume  of  a  propellant 
pumping  chamber  portion  129  and  decreasing  the  35 
available  volume  of  the  combustion  chamber  portion. 

A  small  quantity  of  the  liquid  propellant  passes  through 
the  bores  116  into  the  combustion  chamber  portion 
during  this  shifting  of  piston  head,  and  thus  a  quantity 
of  air  which  has  entered  when  the  bolt  was  open,  plus  40 
this  quantity  of  liquid  propellant,  are  compressed  and 
trapped  in  the  combustion  chamber.  The  liquid  propel¬ 
lant  is  atomized  as  it  passes  through  the  bores,  and  the 
total  quantity  and  the  size  of  the  droplets  is  a  function, 
inter  alia,  of  the  diameter  of  the  bores,  the  velocity  of  45 
the  piston  and  the  pressure  of  the  liquid  propellant. 
When  the  piston  head  has  reached  its  maximum  excur¬ 
sion  in  compression,  that  is,  leftmost  travel,  the  liquid 
pressure  in  the  pumping  chamber  portion  129  equals 
the  liquid  pressure  in  the  supply  manifold  124  and  the  50 
supply  chamber  portion  34  and  the  spring  78  drives  the 
sleeve  60  to  the  right,  thereby  closing  the  check  valve 
36.  This  quantity  of  compressed  air  and  atomized  pro¬ 
pellant  in  the  combustion  chamber  portion  adjacent 
the  sparkplug  is  predetermined  and  repeatable,  and  55 
serves  as  a  primer  for  the  combustion  of  the  main 
charge  of  propellant  disposed  in  the  supply  chamber 
portion.  Ignition  of  this  primer  is  provided  by  the  spark¬ 
plug.  Ignition  of  the  primer  generates  combustion  gas 
whose  pressure  drives  the  piston  to  the  right  to  increase  60 
the  volume  of  the  combustion  chamber  portion  and  to 
decrease  the  volume  of  the  pumping  chamber  portion. 

The  difference  in  areas  of  the  two  faces  of  the  piston 
generates  a  difference  in  pressure  in  the  two  chambers 
so  that  liquid  propellant  is  continually  forced  through  65 
the  bores  1 16  into  the  combustion  chamber  at  a  con¬ 
trolled  rate.  The  piston  head  is  displaced  continually  to 
the  right  towards  the  closed  check  valve  36.  As  the 
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piston  head  closes  onto  the  annulus  74  of  the  check 
valve  the  remainder  of  the  liquid  propellant  trapped 
therebetween  provides  an  energy  absorbing  function 
and  absorbs  the  energy  of  the  moving  piston  head  as  it 
impacts  against  the  check  valve  annulus,  without  any 
ullage.  The  interface  surfaces  1 10  and  74  should  be 
conical,  approaching  a  cylinder,  to  provide  maximum 
travel  time  for  trapped  fluid  to  absorb  energy  and  pass 
through  the  bores,  yet  not  so  cylindrical  as  to  trap 
liquid  and  prevent  such  liquid  from  reaching  and  pass¬ 
ing  through  the  bores. 

The  interface  between  the  piston  stem  104  and  the 
bore  62  may  be  without  seals,  since  any  leakage  from 
the  pumping  chamber  portion  will  merely  pass  back 
into  the  supply  chamber  portion.  The  L-ring  section 
106  provides  an  effective  seal  between  the  hot  gun  gas 
in  the  combustion  chamber  and  the  relatively  cold 
liquid  in  the  pumping  chamber  portion,  in  that  there  is 
a  different  in  pressure  on  the  piston  head  which  pro¬ 
vides  for  the  flow  of  liquid  propellant  from  the  pumping 
chamber  to  the  combustion  chamber,  which  precludes 
any  flow  of  gun  gas  from  the  combustion  chamber  to 
the  pumping  chamber. 

To  provide  lubrication  between  the  piston  head  102 
and  the  wall  of  bore  32,  a  plurality  of  shallow,  helical 
grooves  200  may  be  provided  in  the  peripheral  surface 
of  the  piston  head,  communicating  from  the  left  face 
112  to  the  right  face,  adjacent  110.  Liquid  propellant 
will  be  forced  through  these  apertures  at  the  same  time 
as  through  the  bores  1 16,  and  will  lubricate  this  inter¬ 
face.  All  lubricant  passing  into  the  combustion  cham¬ 
ber  portion  will  be  in  a  swirl  pattern,  ensuring  good 
mixing,  and  will  be  burned,  either  as  primer,  or  as  part 
of  the  main  charge.  A  fresh  supply  of  lubricant  is  pro¬ 
vided  during  each  Firing  cycle,  and  will  clean  out  any 
particles  which  may  lodge  in  the  grooves. 

Lubrication  of  the  interface  between  the  piston  stem 
and  the  check  valve  sleeve  is  also  provided  by  the  liquid 
propellant. 

The  leakage  propellant  will  act  as  a  booster  as  well  as 
a  primer.  The  piston  compresses  air  in  front  of  it,  and 
then  creates  a  two-phase  mixture  in  front  of  it,  which 
on  ignition,  acts  as  a  booster  charge.  A  small  booster 
charge  results  in  a  much  faster  initial  chamber  pressure 
rise  which  improves  ballistic  efficiency. 

What  is  claimed  is: 

1.  A  pump  comprising: 

a  cylinder  having  a  longitudinal  bore  with  a  longitudi¬ 
nal  axis,  an  inner  wall,  an  inlet  end  and  an  outlet 
end; 

a  check  valve  coaxial  with  said  longitudinal  axis  and 
closing  said  cylinder  bore  inlet  end,  including: 
an  outer  annular  housing  fixed  to  and  sealed  within 
said  cylinder  bore  inner  wall,  and  having  a  longi¬ 
tudinal  bore  coaxial  with  said  longitudinal  axis 
and  a  first,  substantially  transverse,  cylinder  bore 
inlet  end  remote  face, 

an  annular  sleeve  disposed  within  said  housing  bore 
and  having  an  annular  head  portion  remote  from 
said  cylinder  bore  inlet  end,  a  tail  portion  pro¬ 
vided  by  a  plurality  of  circumferentially  spaced 
apart  beams  extending  longitudinally  from  said 
head  portion  and  proximal  to  said  cylinder  bore 
inlet  end;  and  having  a  longitudinal  bore  coaxial 
with  said  longitudinal  axis, 
said  sleeve  head  portion  having  a  first,  substantially 
transverse,  cylinder  bore  inlet  end  remote  face, 
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and  a  second,  substantially  transverse,  cylinder 
bore  inlet  end  proximal  face,  and 
spring  means  biasing  said  sleeve  towards  said  cylin¬ 
der  bore  inlet  end  so  that  said  sleeve  head  second 
face  abuts  and  seals  against  said  housing  first  S 
face; 

a  piston  having  a  head  portion  journaled  within  and 
sealing  against  said  cylinder  bore  wall  and  a  stem 
portion  journaled  within  said  sleeve  bore, 
said  piston  head  portion  having  a  first,  substantially  10 
transverse,  check  valve  distal  face  and  a  second, 
substantially  transverse,  check  valve  proximal 
face, 

said  piston  head  second  face  adapted  to  abut  and  seal 
against  said  sleeve  first  face.  15 

2.  A  pump  according  to  claim  1  wherein: 

said  housing  and  the  distal  ends  of  said  sleeve  beams 
have  interengaging  means  to  limit  the  travel  of  said 
sleeve  relative  to  said  housing  against  the  bias  of 
said  spring.  20 

3.  A  pump  according  to  claim  1  wherein; 

said  piston  head  second  face  and  said  sleeve  head 
portion  have  mating  faces  which  will  congruently 
interfit  without  voids. 

4.  A  pump  according  to  claim  3  wherein: 

said  piston  head  second  face  is  substantially  conical 
to  provide  a  longitudinal  cross-section  of  a  L-ring 
seal. 

said  housing  and  the  distal  ends  of  said  sleeve  beams 
have  interengaging  means  to  limit  the  travel  of  said 
relative  to  said  housing  against  the  bias  of  said 
spring. 

5.  A  pump  according  to  claim  1  further  including: 

supply  means  coupled  to  said  inlet  end  of  said  cylin-  35 

der  bore  for  providing  a  supply  of  liquid  under 
pressure  thereto,  the  liquid  adapted  to  flow  to  said 
check  valve,  between  said  sleeve  beam  portions 
and  against  said  sleeve  head  portion  second  face  to 
displace  said  sleeve  against  the  bias  of  said  spring  40 
to  create  a  passageway  around  said  sleeve  head 
portion  to  said  piston  head  second  face  to  displace 
said  piston  head  from  said  sleeve  head  portion  to 
create  and  fill  a  void  between  said  piston  head  and 
said  sleeve  head.  45 

6.  A  pump  according  to  claim  5  wherein: 

said  piston  head  has  a  plurality  of  bores  communicat¬ 
ing  between  said  first  and  said  second  piston  head 
faces, 

means  coupled  to  said  cylinder  bore  outlet  end  for  50 
returning  said  piston  head  to  said  sleeve  head 
portion  whereon  liquid  trapped  in  said  void  pro¬ 
gressively  absorbs  the  kinetic  energy  of  said  pis¬ 
ton  head  through  ejection  of  such  liquid  through 
said  plurality  of  bores.  55 

7.  A  liquid  propellant  gun  comprising: 

a  gun  bore  having  a  projectile  receiving  chamber; 

a  gun  bolt  for  opening  and  closing  a  projectile  receiv¬ 
ing  chamber  behind  a  projectile;  and 

a  pump  comprising:  60 

a  cylinder  having  a  longitudinal  bore  with  a  longitudi¬ 
nal  axis,  an  inner  wall,  an  inlet  end  and  an  outlet 
end,  said  outlet  end  communicating  with  said  pro¬ 
jectile  receiving  chamber; 
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a  check  valve  coaxial  with  said  longitudinal  axis  and 
closing  said  cylinder  bore  inlet  end,  including: 
an  outer  annular  housing  fixed  to  and  sealed  within 
said  cylinder  bore  inner  wall,  and  having  a  longi¬ 
tudinal  bore  coaxial  with  said  longitudinal  axis 
and  a  first,  substantially  transverse,  cylinder  bore 
inlet  end  remote  face, 

an  annular  sleeve  disposed  within  said  housing  bore 
and  having  an  annular  head  portion  remote  from 
said  cylinder  bore  inlet  end,  a  tail  portion  pro¬ 
vided  by  a  plurality  of  circumferentially  spaced 
apart  beams  extending  longitudinally  from  said 
head  portion  and  proximal  to  said  cylinder  bore 
inlet  end;  and  having  a  longitudinal  bore  coaxial 
with  said  longitudinal  axis, 
said  sleeve  head  portion  having  a  first,  substantially 
transverse,  cylinder  bore  inlet  end  remote  face, 
and  a  second,  substantially  transverse,  cylinder 
bore  inlet  end  proximal  face,  and 
spring  means  biasing  said  sleeve  towards  said  cylin¬ 
der  bore  inlet  end  so  that  said  sleeve  head  second 
face  abuts  and  seals  against  said  housing  first 
face; 

a  piston  having  a  head  portion  journaled  within  said 
sealing  against  said  cylinder  bore  wall  and  a  stem 
portion  journaled  within  said  sleeve  bore, 
said  piston  head  portion  having  a  first,  substantially 
transverse,  check  valve  distal  face  and  a  second, 
substantially  transverse,  check  valve  proximal 
face, 

said  piston  head  second  face  adapted  to  abut  and  seal 
against  said  sleeve  first  face. 

8.  A  gun  according  to  claim  7  wherein: 

said  piston  head  second  face  and  said  sleeve  head 
portion  have  mating  faces  which  will  congruently 
interfit  without  voids. 

9.  A  gun  according  to  claim  7  wherein: 

said  housing  and  the  distal  ends  of  said  sleeve  beams 
have  interengaging  means  to  limit  the  travel  of  said 
sleeve  relative  to  said  housing  against  the  bias  of 
said  spring. 

10.  A  gun  according  to  claim  7  further  including: 

supply  means  coupled  to  said  inlet  end  of  said  cylin¬ 
der  bore  for  providing  a  supply  of  liquid  under 
pressure  thereto,  the  liquid  adapted  to  flow  to  said 
check  alve,  between  said  sleeve  beam  portions  and 
against  said  sleeve  head  portion  second  face  to 
displace  said  sleeve  against  the  bias  of  said  spring 
to  create  a  passageway  around  said  sleeve  head 
portion  to  said  piston  head  second  face  to  displace 
said  piston  head  from  said  sleeve  head  portion  to 
create  and  fill  a  void  between  said  piston  head  and 
said  sleeve  head. 

11.  A  gun  according  to  claim  10  wherein: 

said  piston  head  has  a  plurality  of  bores  communicat¬ 
ing  between  said  first  and  said  second  piston  head 
faces, 

means  coupled  to  said  cylinder  bore  outlet  end  for 
returning  said  piston  head  to  said  sleeve  head 
portion  whereon  liquid  trapped  in  said  void  pro¬ 
gressively  absorbs  the  kinetic  energy  of  said  pis¬ 
ton  head  through  ejection  of  such  liquid  through 
said  plurality  of  bores. 

*  *  *  *  • 
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LIQUID  PROPELLANT  GUN  (RECOILLESS 
REGENERATIVE  PISTON) 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  liquid  propellant  guns  utiliz¬ 
ing  a  differential  piston  to  provide  continued  or  regen¬ 
erative  injection  of  the  propellant  into  the  combustion 
chamber  after  initial  ignition,  and  more  particularly  to 
such  guns  having  a  balancing  nozzle  for  recoilless  oper¬ 
ation. 

2.  Prior  Art 

Liquid  propellant  guns  utilizing  differential  pistons  to 
pump  propellant  into  the  combustion  chamber  during 
combustion  are  now  well  known.  Early  work  is  de¬ 
scribed  in  a  Final  Report  of  Nov.  19,  1953-Jan.  31,  1956 
under  contract  DA-36-034-ORD- 1 504RD,  Project 
TS1-47-8  by  V.  M.  Barnes,  Jr.  et  al  which  apparently  in 
part  corresponds  to  Jukes  et  al,  U.S.  Pat.  No.  3,138,990 
filed  Oct.  9,  1961;  in  a  report  No.  17-2  of  June  15,  1954 
under  contract  NOrd- 10448  by  C.  R.  Foster  et  al;  and  in 
a  Finai  Report  of  Sept.  1,  1957  under  contract  NOrd 
16217,  Task  1,  by  L.  C.  Elmore  et  al.  Other  patents  of 
interest  are  J.  W.  Treat,  Jr.,  U.S.  Pat.  No.  2,922,341, 
filed  Nov.  7,  1955;  E.  J.  Wilson,  Jr.,  et  al,  U.S.  Pat.  No. 
2,981,153,  filed  Nov.  14,  1952;  C.  M.  Hudson,  U.S.  Pat. 
No.  2,986,072,  filed  Nov.  19,  1952;  and  E.  J.  Vass,  et  al, 
U.S.  Pat.  No.  3,690,255,  filed  Oct.  1,  1970. 

Guns  utilizing  balancing  nozzles  to  approximate  re¬ 
coilless  operation  are  also  now  well  known.  Examples 
are:  C.  W.  Musser,  U.S.  Pat.  No.  2,924,149,  filed  Oct.  7, 
1957;  L.  A.  Skinner,  U.S.  Pat.  No.  2,965,000,  filed  Dec. 
20,  1960;  R.  G.  Strickland  et  al,  U.S.  Pat.  No.  3,129,636, 
filed  Sep.  28,  1960;  and  A.  J.  Grandy,  U.S.  Pat.  No. 
3,338,133,  filed  Oct.  6,  1965.  Musser  and  Grandy  show 
the  use  of  a  frangible  disk  to  close  the  balancing  nozzle 
until  pressure  has  built  up  in  the  combustion  chamber. 
Strickland  et  al  shows  a  plug  attached  to  the  projectile 
to  restrict  the  balancing  nozzle  prior  to  translation  of 
the  projectile  down  the  gun  barrel.  That  is,  to  restrict 
the  flow  of  exhaust  combustion  gas  through  the  nozzle 
during  the  early  phases  of  the  combustion  process  in  the 
recoilless  gun.  Thi*  restriction  causes  more  rapid  pres¬ 
sure  buildup  and  higher  acceleration  for  the  projectile. 
However,  the  plug  is  attached  to  the  projectile  and  this 
restriction  it  provides  only  occurs  when  thfi  projectile  is 
near  the  beginning  of  the  gun  barrel.  Since  the  projec¬ 
tile  has  a  very  high  initial  acceleration,  the  plug  is  in  the 
vicinity  of  the  nozzle  for  only  a  very  short  initial  period. 

An  object  of  this  i  .vention  is  to  provide  a  recoilless 
gun  wherein  the  rate  of  exhaust  flow  of  the  combustion 
gas  through  the  balancing  nozzle  can  be  controlled  over 
a  major  fraction  of  the  combustion  period,  thereby  to 
permit  a  more  absolute  balance  of  the  forces  of  recoil 
and  counterrecoii  to  provide  a  truly  recoilless  gun. 

Another  object  of  this  invention  is  to  provide  a  recoil¬ 
less  gun  where  the  rate  of  exhaust  flow  of  the  combus¬ 
tion  gas  through  the  balancing  nozzle  can  be  controlled 
to  reduce  the  blast  field  generated  by  the  exhaust  flow 
to  a  desired  level.  By  blast  field  is  meant  the  shock  wave 
or  waves  generated  in  the  volume  or  region  of  atmo¬ 
sphere  surrounding  the  rear  of  the  gun  which  is  gener¬ 
ated  by  the  rapid  introduction  therein  of  the  large  vol¬ 
ume  of  exhaust  gas.  Controlling  the  rate  of  introduction 
of  this  gas  directly  controls  the  strength  of  this  shock 
wave  and  its  overpressure. 
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A  feature  of  this  invention  is  the  provision  of  a  liquid 
propellant  gun  having  a  combustion  gas  responsive 
displacement  mechanism  to  progressively  inject  propel¬ 
lant  into  a  combustion  chamber  from  a  supply  chamber, 
5  a  gun  barrel  for  the  discharge  of  a  projectile,  a  balanc¬ 
ing  nozzle  for  the  discharge  of  combustion  gas,  and  a 
plug  coupled  to  said  mechanism  and  serving  to  control 
the  effective  cross-section  area  of  said  nozzle  in  re¬ 
sponse  to  the  displacement  of  said  mechanism. 

10  BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  advantages  and  features  of 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa- 
15  nying  drawing  in  which: 

FIG.  1  is  a  schematic  diagram  of  a  gun  having  a  coax¬ 
ial  gun  barrel,  a  differential  piston  and  a  balancing  noz¬ 
zle  embodying  the  present  invention; 

FIG.  2  is  a  schematic  diagram  of  a  gun  having  a  gun 
20  barrel  with  an  ammunition  feeding  mechanism  parallel 
to  a  differentia]  piston  and  a  balancing  nozzle  embody¬ 
ing  the  present  invention; 

FIG.  3  is  a  schematic  diagram  of  a  gun  similar  to  that 
of  FIG.  2  having  a  plurality  of  sets  of  differential  pistons 
25  and  balancing  nozzles  disposed  in  a  circular  row  coaxial 
to  a  gun  barrel  with  an  ammunition  feeding  mechanism; 

FIG.  4  is  a  schematic  diagram  of  an  additional  species 
of  the  invention  having  the  differential  piston  as  part  of 
the  balancing  nozzle; 

30  FIG.  5  is  a  schematic  diagram  of  a  variation  of  the 
species  of  FIG.  4;  and 

FIG.  6  is  a  schematic  diagram  of  a  variation  of  the 
species  of  FIG.  1. 

3j  DESCRIPTION  OF  THE  INVENTION 

The  invention,  as  shown  in  figures,  may  be  incorpo¬ 
rated  in  a  liquid  propellant  gun  having  a  differential  area 
piston  for  progressively  injecting  propellant  from  a 
supply  chamber  into  a  combustion  chamber,  as  shown 
40  in  Ser.  No.  694,865,  filed  June  10,  1976  by  A.  R.  Gra¬ 
ham,  and  obtaining  satisfactory  damping  through  the 
devices  shown  in  Ser.  No.  694.867,  filed  June  10,  1976 
by  D.  P.  Tassie  and  Ser.  No.  694,868,  filed  June  10,  1976 
by  A.  R.  Graham.  The  controlled  leakage  mechanism 
45  described  in  Ser.  No.  694,866,  above,  may  also  be  used 
to  advantage  herein. 

As  shown  in  FIG.  1,  the  invention  is  embodied  in  a 
gun  having  a  gun  barrel  10  with  a  rifled  bore  12  and  a 
chamber  14  receiving  a  projectile  16  having  a  rotating 
50  band  18.  The  gun  barrel  extends  aftwardly  to  form  a 
cylinder  20  having  a  bore  22,  to  which  is  fixed,  as  by  a 
theaded  joint  24,  a  balacing  nozzle  26  having  a  throat  28 
and  a  transverse  wall  30  with  a  plurality  of  longitudinal 
bores  32  disposed  about  a  central  longitudinal  bore  34. 
55  A  differential  piston  36  has  a  head  38  journaled  for 
reciprocation  in  the  bore  22  and  a  stem  40  journaled  for 
reciprocation  in  the  bore  34.  The  head  has  a  plurality  of 
longitudinal  bores  42  extending  from  the  forward  face 
44  of  relatively  large  cross-sectional  area  to  the  aft  face 
60  46  of  relatively  small  cross-sectional  area.  The  stem  has 
a  longitudinal  blind  bore  48  extending  aftwardly  from 
the  forward  face  44  and  intersected  at  its  aft  end  by  a 
plurality  of  radial  bores  50.  The  aft  end  of  the  stem  is 
fixed,  as  by  a  threaded  joint  52,  to  an  enlarged  cylindri- 
65  cal  plug  54  which  is  journaled  for  reciprocation  in  the 
throat  28.  The  plug  may  be  of  any  desired  longitudinal 
configuration,  from  a  maximum  diameter  at  transverse 
plane  56  to  a  minimum  diameter  at  transverse  plane  58 
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so  that  as  a  function  of  the  longitudinal  aftward  dis¬ 
placement  of  the  plug  from  the  position  shown  in  FIG. 

I,  a  minimum  open  annular  cross-section  area  (shown  as 
zero  in  FIG.  1)  is  provided  at  the  knee  60  to  a  maximum 
open  annular  cross-sectional  area.  A  port  62,  in  the  5 
cylinder  20,  for  the  entry  of  liquid  propellant,  a  forward 
port  64  and  an  aft  port  66  for  respective  sources  of 
ignition  are  also  provided. 

The  piston  head  38,  the  wall  30  and  the  bore  22  define 
a  supply  chamber  70  for  liquid  propellant;  the  piston  10 
head  38,  the  bore  22  and  the  projectile  16  define  a  for¬ 
ward  combustion  chamber  72;  the  wall  30,  the  throat  28 
and  the  plug  54  define  an  aft  combustion  chamber  74. 

At  the  beginning  of  a  cycle  the  piston  head  is  aft  and 
adjacent  to  the  wall  30.  A  projectile  is  inserted  into  the  15 
projectile  chamber  14.  Liquid  propellant  is  introduced 
under  pressure  through  the  port  62,  as  by  a  check  valve, 
not  shown,  to  progressively  displace  the  piston  head 
forwardly,  increasing  the  volume  of  the  supply  cham¬ 
ber  and  decreasing  the  volumes  respectively  of  the  20 
forward  and  aft  combustion  chambers.  In  this  process  a 
small  quantity  of  propellant  leaks  through  the  bores  42 
and  32  into  the  forward  and  aft  combustion  chambers 
and  serves  as  a  primer  which  is  subsequently  ignited  by 
ignition  sources  operable  through  ports  64  and  66  after  25 
the  piston  head  has  reached  its  forwardmost  position,  as 
shown  in  FIG.  1,  whereat  the  plug  has  minimized  the 
annular  opening  of  the  throat  of  the  balancing  nozzle. 

Upon  ignition  the  combustion  chamber  gas  in  the 
forward  combustion  chamber  acting  on  the  relatively  30 
large  cross-sectional  area  of  the  face  44  of  the  piston 
head  38  commences  to  displace  the  piston  aft,  which 
injects  more  propellant  through  the  bores  42  and  32.  At 
this  time  the  aft  and  forward  combustion  chambers  are 
a  substantially  closed  system,  and  combustion  gas  pres-  35 
sure  builds  up  without  venting.  As  the  piston  moves  aft 
with  the  plug  54,  the  throat  of  the  balancing  nozzle  is 
progressively  opened,  pcrmiting  the  flow  of  combustion 
gas  out  the  nozzle  from  the  forward  combustion  cham¬ 
ber,  through  the  piston  bore  48  and  bores  50  together  40 
with  that  combustion  gas  which  is  generated  itself  in  the 
aft  combustion  chamber. 

It  may  be  noted  the  bores  32  and  66  and  the  combus¬ 
tion  in  the  aft  chamber  74  may  all  be  omitted,  and  all  of 
the  balancing  gas  flow  may  be  provided  from  the  for-  45 
ward  chamber  72. 

It  may  also  be  noted  that  the  regenerative  piston.due 
to  the  resistance  of  flow  of  the  liquid  propellant  through 
the  bores  42  and  32  providing  a  hydraulic  damping 
function,  has  a  much  lower  acceleration  and  a  velocity  50 
which  is  an  order  of  magnitude  more  slower  than  the 
projectile.  Thus  the  control  exercised  over  the  balanc¬ 
ing  nozzle  by  the  plug  54  on  the  regenerative  piston  can 
be  essentially  extended  over  nearly  the  full  time  the 
projectile  is  in  the  gun  barrel.  55 

The  longitudinal  axis  of  the  regenerative  piston  may 
be  displaced  from  the  longitudinal  axis  of  the  gun  barrel 
to  make  the  chambering  of  projectile  more  convenient, 
as  shown  in  FIG.  2.  The  differential  piston  200  has  a 
piston  head  202  with  injection  bores  204  journaled  in  a  60 
cylinder  206  and  defining  a  liquid  propellant  supply 
chamber  206  and  a  combustion  chamber  208.  The  com¬ 
bustion  chamber  vents  through  a  port  210  into  the  pro¬ 
jectile  receiving  chamber  212  aft  of  the  projectile  214 
and  forward  of  the  gun  bolt  216,  The  bolt  is  operated  by  65 
a  conventional  bolt  operating  mechanism  218  to  strip 
the  lowermost  projectile  from  a  train  of  projectiles  220, 
to  chamber  the  projectile  and  to  close  the  chamber.  The 
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combustion  chamber  also  vents  to  a  balancing  nozzle 
222  which  is  coaxial  to  the  piston.  A  plug  224  is  fixed  to 
the  piston  to  constrict  the  opening  of  the  nozzle  at  the 
commencement  of  combustion.  The  non-coaxial  ar¬ 
rangement  of  FIG.  2  develops  a  force  couple,  which 
may  be  avoided  by  providing  two  or  more  sets  250,  252 
of  pistons  and  balancing  nozzles  to  provide  a  balance  of 
forces  with  the  gun  barrel  254,  as  shown  in  FIG.  3.  Use 
may  be  made  of  the  scaling  mechanism  disclosed  in  Ser. 
No.  694,869  filed  June  10,  1976  by  A.  R.  Graham. 

The  differential  piston  300  may  be  utilized  as  part  of 
the  balancing  nozzle,  as  shown  in  FIG.  4.  The  piston 
has  a  piston  head  302  with  injection  bores  304  journaled 
in  a  cylinder  306  and  defining  a  liquid  propellant  supply 
chamber  308  and  a  combustion  chamber  310.  The  piston 
has  a  piston  stem  312  which  is  journaled  in  the  bore  314 
of  a  balancing  nozzle  316,  and  has  a  longitudinal  bore 
318  running  the  entire  length  of  the  piston,  terminating 
in  an  initial  nozzle  320.  The  combustion  chamber  310 
vents  forwardly  through  the  gun  barrel  bore  322,  and 
aftwardly  through  the  piston  bore  318,  nozzle  320,  and 
the  balancing  nozzle  314,  316.  Each  projectile  326  is 
provided  with  an  aftwardly  extending  plug  328  to  con¬ 
strict  the  piston  bore  318  at  the  commencement  of  com¬ 
bustion.  In  a  system  wherein  a  peak  pressure  of  20,000 
psi  is  reached  in  the  combustion  chamber,  the  projectile 
does  not  complete  the  engraving  of  its  rotating  band 
and  move  significantly  forward  from  the  projectile 
chamber  until  an  intermediate  pressure  of  about  10,000 
psi  has  been  reached.  The  differential  piston  is  able  to 
slide  aftwardly  before  that  intermediate  pressure  has 
been  reached,  so  that  a  progressive  development  of  the 
aftward  exhaust  may  be  provided  before  the  projectile 
leaves  the  projectile  chamber.  This  present  arrange¬ 
ment  is  an  improvement  over  the  prior  known  arrange¬ 
ment  of  a  plug  fixed  to  the  aft  end  of  the  projectile  and 
extending  into  a  fixed  housing  balancing  nozzle  because 
the  prior  arrangement  can  only  vary  the  nozzle  throat 
cross-sectional  area  when  the  projectile  is  moving.  In 
the  present  arrangement  the  nozzle  throat  area  can  be 
varied  when  either  the  piston  or  the  projectile  is  mov¬ 
ing,  until  they  separate.  Since  the  flow  may  be  required 
to  build  up  over  a  long  time  prior  to  any  movement  of 
the  projectile,  the  present  arrangement  better  meets  this 
requirement  than  the  prior  arrangement  did.  Further, 
the  present  arrangement  provides  improved  ballistic 
efficiency.  The  plug  extends  into  the  low  pressure  vol¬ 
ume  in  and  beyond  the  nozzle,  reducing  the  cross-sec¬ 
tional  area  of  the  base  of  the  projectile  which  is  exposed 
to  the  higher  pressure  of  the  combustion  chamber.  Thus 
the  initial  force  on  the  base  of  the  projectile  is  lower 
th3n  would  be  the  case  if  chamber  pressure  were  ap¬ 
plied  to  the  full  area  of  the  base.  In  this  way  the  applied 
force  can  be  maintained  below  that  required  to  com¬ 
mence  the  translation  of  the  projectile  up  the  barrel,  and 
thus  prolong  the  period  of  nozzle  area  control.  It  is 
possible  to  hold  the  projectile  stationary  until  peak 
chamber  pressure  is  rt  'i  ’  d.  Since  the  force  on  the  base 
of  the  projectile  increa.  ,  as  the  plug  is  withdrawn  from 
the  bore  of  the  piston,  the  acceleration  of  the  projectile 
will  increase  rapidly.  A  fast  rise  in  acceleration  provides 
a  higher  average  acceleration  and  thus  a  high  projectile 
velocity. 

The  plug  400  may  be  fixed  to  the  housing  402  or  some 
other  part  which  is  stationary  during  the  combustion 
period,  as  shown  in  FIG.  5.  The  differential  piston  404 
is  utilized  as  part  of  the  balancing  nozzle,  The  piston  has 
a  piston  head  406  with  injection  bore  408  journaled  in  a 
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cylinder  410  and  defining  a  liquid  propellant  supply 
chamber  412  and  a  combustion  chamber  414.  The  piston 
has  a  piston  stem  416  which  is  journaled  in  the  bore  415 
of  a  balancing  nozzle  420,  and  has  a  longitudinal  bore 
422  running  the  entire  length  of  the  piston  and  serving  5 
as  an  initial  nozzle.  A  plurality  of  bores  424  communi¬ 
cate  between  the  combustion  chamber  and  the  projec¬ 
tile  chamber.  The  combustion  chamber  vents  forwardly 
through  the  bores  424  and  aftwardly  through  the  piston 
bore  422  and  the  balancing  nozzle  420.  The  plug  400 
restricts  the  piston  bore  422  at  the  commencement  of 
combustion.  The  cross-sectional  area  of  the  bores  424 
may  be  used  to  reduce  the  gas  pressure  from  the  com¬ 
bustion  chamber  to  the  projectile  chamber.  For  exam¬ 
ple,  the  combustion  chamber  may  be  permitted  to  peak 
of  50,000  psi,  while  the  projectile  chamber  may  be  per-  15 
milted  a  peak  of  10,000  psi.  The  higher  the  pressure,  the 
faster  the  rate  of  burning,  the  higher  the  velocity  of  the 
exhaust  jet  and  the  smaller  the  diameter  of  the  exhaust 
jet  as  it  passes  from  the  balancing  nozzle  into  the  atmo¬ 
sphere.  20 

The  plug  on  the  piston  may  be  used  to  provide  com¬ 
plex  control  of  the  exhaust  jet  as  shown  in  FIG.  6.  The 
differential  piston  500  has  a  head  502  with  injection 
bores  504  journaled  in  a  cylinder  506  and  defining  a 
liquid  propellant  supply  chamber  508  and  a  combustion  25 
chamber  510,  which  lead  to  a  chamber  512  for  receiving 
a  projectile  514.  The  piston  has  a  stem  516  which  termi¬ 
nates  in  a  plug  518,  and  a  blind  bore  520  which  commu¬ 
nicates  from  the  combustion  chamber  to  a  plurality  of 
radial  bores  522,  and  is  journaled  in  a  bore  524  which 
terminates  in  a  balancing  nozzle  526  which  has  an  aft 
constriction  528.  At  the  commencement  of  combustion 
the  piston  is  in  its  forwardmost  position  and  the  bores 
522  are  closed  by  the  wall  of  the  bore  524.  Rearward 
displacement  of  the  piston  and  its  plug  permits  the  in¬ 
creasing  flow  of  exhaust  gas  out  the  balancing  nozzle  35 
until  the  plug  approaches  the  constriction  528  which 
decreases  the  flow. 

It  will  be  seen  that  use  of  the  piston  of  displace  the 
plug  permits  the  exhaust  flow  of  the  balancing  nozzle  to 
be  made  independent  of  the  pressure  behind  the  projec-  40 
tile.  The  plug  can  control  the  effective  open  area  of  the 
balancing  nozzle  independently  of  the  rapid  pressure 
rise  required  in  the  combustion  chamber.  In  operation, 
the  exhaust  nozzle  may  start  from  a  closed  condition, 
then  have  a  slowly  increasing  area  as  the  pressure  grad-  45 
ually  builds  up,  and  then  at  a  predetermined  time  have 
a  rapidly  decreasing  area  which  will  cause  a  rapidly 
increasing  pressure  buildup  in  the  combustion  chamber 
to  provide  the  required  acceleration  of  the  projectile 
from  the  gun  barrel  without  causing  a  sudden  increase  50 
in  the  outflow  through  the  balancing  nozzle  which 
would  cause  a  blast  or  shock  wave. 

What  is  claimed  is: 

1.  A  gun  comprising: 

a  gun  barrel;  55 

a  combustion  chamber; 
a  liquid  propellant  supply  chamber; 
first  means  having  a  displacement  which  is  a  time 
function  for  injecting  propellant  from  said  supply 
chamber  into  said  combustion  chamber  as  a  func¬ 
tion  of  said  displacement;  60 

a  balancing  nozzle  having  a  throat 
valve  means  communicating  between  said  combus¬ 
tion  chamber  and  said  balancing  nozzle  throat  for 
providing  a  conduit  for  the  flow  of  combustion  gas, 
and  coupled  to  said  first  means  for  controlling  said  65 
flow  as  a  function  of  said  displacement  of  said  first 
means. 

2.  A  gun  according  to  claim  I  wherein: 
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said  displacement  of  said  first  means  is  a  function  of 
the  pressure  of  the  gas  in  said  combustion  chamber. 

3.  A  gun  according  to  claim  1  wherein: 

said  first  means  includes  a  regenerative  piston. 

4.  A  gun  according  to  claim  3  wherein: 
said  piston  and  said  gun  barrel  are  coaxial. 

5.  A  gun  according  to  claim  3  wherein: 
said  valve  means  includes 

a  longitudinal  bore  in  said  piston  communicating 
between  said  combustion  chamber  and  said  noz¬ 
zle  throat. 

6.  A  gun  according  to  claim  5  wherein: 
said  valve  means  includes 

a  projectile  disposed  in  said  gun  barrel, 
a  plug  fixed  to  said  projectile  and  extending  into 
said  piston  bore  which  serves  as  a  portion  of  said 
nozzle  throat. 

said  projectile  and  piston  having  a  mode  of  operation 
such  that  said  piston  is  adapted  to  move  aft  away 
from  said  plug  prior  to  said  projectile  moving  for¬ 
wardly  in  said  gun  barrel. 

7.  A  gun  according  to  claim  5  further  including: 
a  housing;  and 

said  valve  means  includes 
a  plug  fixed  to  said  housing  and  extending  into  said 
piston  bore  which  serves  as  a  portion  of  said  noz¬ 
zle  throat. 

8.  A  gun  according  to  claim  3  wherein: 
said  valve  means  includes 

a  plug  fixed  to  said  piston  and  journaled  for  recipro¬ 
cation  within  said  nozzle  throat  and  effective  to 
change  the  open  cross-sectional  area  of  said  noz¬ 
zle  throat. 

9.  A  gun  according  to  claim  8  wherein: 

said  nozzle  throat  has  first  and  second  constrictions 
which  are  longitudinally  spaced  apart, 
said  plug  cooperating  initially  with  said  first  constric¬ 
tion  and  subsequently,  upon  displacement  by  said 
piston,  with  said  second  constriction. 

10.  A  gun  according  to  claim  8  further  including: 
an  additional  combustion  chamber; 

said  piston  additionally  serving  to  inject  propellant 
into  said  additional  combustion  chamber; 
said  valve  means  additionally  serving  to  communicate 
between  said  additional  combustion  chamber  and 
said  nozzle  throat. 

11.  A  gun  according  to  claim  10  wherein  said  combus¬ 
tion  chambers  and  said  piston  are  mutually  coaxial. 

12.  A  gun  according  to  claim  8  wherein: 

said  gun  barrel  includes  a  projectile  receiving  cham¬ 
ber; 

means  for  disposing  a  projectile  in  said  projectile 
receiving  chamber; 

conduit  means  communicating  between  said  combus¬ 
tion  chamber  and  said  projectile  receiving  chamber 
for  providing  a  flow  of  combustion  gas. 

13.  A  gun  according  to  claim  12  further  including: 
an  additional  set  of 

combustion  chamber; 
liquid  propellant  supply  chamber; 
nozzle  having  a  throat; 
piston  and  plug; 

said  conduit  means  additionally  communicating  be¬ 
tween  said  additional  combustion  chamber  and  said 
projectile  receiving  chamber, 
said  nozzle  throats  being  mutually  spaced  apart  and 
having  longitudinal  axes  which  are  parallel  to  the 
longitudinal  axis  of  said  gun  barrel. 

14.  A  gun  according  to  claim  13  wherein: 

said  axes  of  said  nozzle  throats  and  said  gun  barrel  are 
substantially  coplanar. 

•  •  *  •  » 
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LIQUID  PROPELLANT  GUN  (CONTROLLED 
LEAKAGE  REGENERATIVE  PISTON) 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  liquid  propellant  guns  utiliz¬ 
ing  a  differential  piston  to  provide  continued  or  regen¬ 
erative  injection  of  propellant  into  the  combustion 
chamber  after  initial  ignition  of  propellant  in  the  cham¬ 
ber. 

2.  Prior  Art 

Liquid  propellant  guns  utilizing  differential  pistons  to 
pump  propellant  into  the  combustion  chamber  during 
combustion  are  now  well  know.  Early  work  is  de¬ 
scribed  in  a  Final  Report  of  Nov.  19,  1953 — Jan.  31, 
1956  under  contract  DA-36-034-ORD-1504RD,  Project 
TS1-47-8  by  V.  M.  Barnes,  Jr.  et  al  which  apparently  in 
part  corresponds  to  Jukes  et  al.,  U.S.  Pat.  No.  3,138,990 
filed  Oct.  9.  1961;  in  a  report  No.  17-2  of  June  15,  1954 
under  contract  NOrd- 10448  by  C.  R.  Foster  el  at;  and  in 
a  Final  Report  of  Sept.  1,  1957  under  contract  NOrd 
16217,  Task  1,  by  L.  C.  Elmore  et  al.  Other  patents  of 
interest  are  J.  W.  Treat,  Jr.,  U.S.  Pat.  No.  2,922,341, 
filed  Nov.  7,  1955;  E.  J.  Wilson,  Jr.  et  al.,  U.S.  Pat.  No. 
2,981,153,  filed  Nov.  14,  1952;  C.  M.  Hudson,  U.S.  Pat. 
No.  2,986,072,  filed  Nov.  19,  1952;  and  E.  J.  Vass,  et  al., 
U.S.  Pat.  No.  3,690,255  filed  Oct.  1,  1970. 

An  object  of  this  invention  is  to  provide  an  improved 
liquid  propellant  gun  having  a  combustor  assembly 
utilizing  a  differential  piston  wherein  a  uniform  metered 
quantity  of  atomized  propellant  may  be  passed  into  the 
combustion  chamber  to  serve  as  a  primer  without  addi¬ 
tional  valves  in  said  piston. 

A  second  object  of  the  invention  is  to  avoid  the  com¬ 
plexity  of  providing  a  means  for  retaining  propellant 
behind  the  piston  during  the  filling  operation  by  simply 
allowing  said  propellant  to  “leak"  through  the  piston 
into  the  combustion  chamber  for  purposes  described 
under  the  first  object  of  the  invention. 

A  feature  of  this  invention  is  the  provision  of  a  liquid 
propellant  gun  utilizing  a  differential  piston  having  a 
plurality  of  bores  through  its  head,  which  head  divides 
the  liquid  propellant  pumping  chamber  from  the  com¬ 
bustion  chamber,  and  propellant  supply  means  provid¬ 
ing  liquid  propellant  under  fixed  feed  pressure  into  said 
pumping  chamber,  which  propellant  under  pressure 
both  advances  the  piston  to  enlarge  the  pqmping  cham¬ 
ber  and  to  decrease  the  combustion  chamber  while 
increasing  pressure  in  said  combustion  chamber  and 
injects  and  atomizes  a  predetermined  quantity  of  pro¬ 
pellant  through  said  bores  from  said  pumping  chamber 
into  said  combustion  chamber  to  serve  as  a  primer. 

RELATED  CASE 

Subject  matter  directed  to  the  details  of  the  check 
valve  disclosed  herein  is  claimed  in  the  Application  of 
D.  F.  Tassic,  Ser.  No.  694,867  filed  concurrently  here¬ 
with.  on  June  10,  1976. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  advantages  and  features  of 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  I  is  a  detail  view  in  longitudinal  cross-section  of 
a  gun  incorporating  a  combustor  assembly  embodying 
this  invention; 
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FIG.  2  is  an  enlarged  detail  of  FIG.  1  of  the  combus¬ 
tor  assembly  in  the  end  of  propellant  injection  inode; 

FIG.  3  is  a  transverse  view  in  cross-section  taken 
along  the  plane  III — III  of  FIG.  2; 

5  FIG.  4  is  an  enlarged  detail  of  FIG.  1  of  the  combus¬ 
tor  assembly  in  the  propellant  filling  mode:  and 

FIG.  5  is  a  transverse  view  in  cross-section  of  a  gun 
incorporating  a  plurality  of  the  combustor  assemblies  of 
FIG.  1  taken  along  the  folded  plane  V — V 

°  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

This  invention,  as  shown  in  FIG.  1,  may  be  incorpo¬ 
rated  in  a  liquid  propellant  gun  of  the  type  shown  by  D. 
15  P.  Tassie  in  U.S.  Pat.  No.  3,763,739.  However,  the  in¬ 
vention  as  here  shown  utilizes  a  monopropellant,  al¬ 
though  the  regenerative  piston  system  is  applicable  to 
bipropellants  as  well. 

The  gun  system  includes  a  gun  barrel  10,  having  a  gun 
20  bore  12,  which  is  fixed  in  a  forward  bore  14  of  a  housing 
16.  The  housing  has  an  aft  bore  18,  with  a  plurality  of 
locking  recesses  20,  which  receives  a  gun  bolt  22  having 
a  plurality  of  locking  lugs  24.  A  projectile  26  having  a 
rotating  band  27  may  be  inserted  through  the  aft  bore  18 
25  and  pushed  forwardly  into  the  gun  bore  12  by  the  bolt 
22,  which  bolt  is  then  locked  in  and  to  the  housing.  The 
band  27  makes  a  gas  tight  seal  with  the  bore. 

The  housing  16  may  have  one,  or  as  shown  in  FIG.  5, 
a  plurality  of  combustor  assemblies  28.  As  shown  in 
30  FIGS.  1,  2  and  4,  each  combustor  assembly  includes  a 
longitudinal  bore  30  having  a  combustion  chamber  por¬ 
tion  32  and  a  liquid  propellant  inlet  chamber  portion  34. 
A  coaxial  check  valve  36  is  fixed  in  the  bore  30  and 
includes  an  outer  annular  housing  38  which  is  externally 
35  threaded  at  40  to  engage  threads  42  and  a  shoulder  44  in 
the  bore  30,  and  has  a  longitudinal  bore  in  three  stepped 
portions:  a  portion  46  having  the  smallest  diameter,  a 
portion  48  having  an  intermediate  diameter,  and  a  por¬ 
tion  50  having  the  largest  diameter.  The  housing  38  has 
40  a  left  face  52,  an  internal  shoulder  54,  an  internal  shoul¬ 
der  56,  and  a  right  face  58.  A  sleeve  60  has  an  longitudi¬ 
nal  bore  62,  a  left,  truncated  conical,  annular  portion  64, 
an  intermediate  portion  provided  by  a  plurality  (here 
shown  as  three)  of  longitudinally  extending,  circumfer- 
45  entially  spaced  apart,  beams  66,  and  a  right  portion 
provided  a  like  plurality  of  heel,  enlarged  terminations 
68  on  each  beam.  The  right  portion  has  a  left  face  70 
which  will  abut  the  shoulder  56,  the  left  portion  has  a 
right  face  72  which  will  mate  with  and  will  seal  against 
50  the  face  52,  a  conical,  peripheral  face  74,  and  a  left  face 
76.  A  helical  compression  spring  78  is  disposed  between 
the  shoulder  54  and  the  face  70  and  biases  the  sleeve  60 
to  the  right. 

A  piston  100  has  a  head  portion  102  which  slides  in 
55  the  combustion  chamber  portion  32  and  a  stem  portion 
104  which  slides  in  the  bore  62  of  the  sleeve  60.  The 
head  portion  has  an  L-ring  longitudinal  cross-section 
with  an  outer-peripheral  surface  106  for  sliding  engage¬ 
ment  with  the  wall  of  the  chamber  32,  a  right  transverse 
60  annular  surface  108  which  will  mate  with  and  will  seal 
against  the  face  76,  a  right  conical  annular  surface  110 
which  will  mate  with  and  will  seal  against  the  face  74,  a 
transverse  face  which  will  mate  with  and  will  seal 
against  the  face  52,  a  left  face  112  having  a  conical 
65  recess  114,  and  a  plurality  of  bores  116  disposed  in  an 
annular  row  and  interconnecting  the  face  108  with  the 
recess  114.  Alternatively,  these  bores  may  be  arranged 
as  axial  bores  and  in  other  configurations. 
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The  left  end  of  the  combustion  chamber  32  is  closed 
by  a  plug  117  which  carries  a  spark  plug  118.  A  respec¬ 
tive  radial  bore  120  communicates  between  the  respec¬ 
tive  combustion  chamber  32  and  the  left  end  of  the  bore 
12.  S 

The  right  end  of  each  liquid  propellant  inlet  chamber 
portion  34  opens  into  an  annular  passageway  or  mani¬ 
fold  124,  which  in  turn  is  open,  at  126,  to  a  propellant 
supply  valve  128.  The  valve  includes  a  housing  130 
having  an  inlet  port  132,  a  cylinder  134,  and  a  spool  136.  10 
The  spool  may  be  cam  controlled,  as  shown  in  U.S.  Pat. 
No.  3,763,739,  for  synchronization  with  the  other  gas 
functions. 

As  shown  in  FIG.  1,  before  loading,  the  valve  128  is 
closed  and  the  piston  100  is  in  its  righthandmost  position  1 3 
wherein  it  is  nested  with  and  sealed  to  the  check  valve 
36.  A  projectile  26  is  inserted  into  the  gun  bore  12  and 
the  bolt  22  is  closed  and  locked.  The  spool  136  is  shifted 
to  the  left,  opening  the  valve  128,  admitting  liquid  pro¬ 
pellant  under  pressure  into  the  manifold  124.  Propellant  20 
under  pressure  passes  into  the  chamber  portion  34  and 
into  the  longitudinal  recesses  between  the  beams  68,  and 
applied  pressure  against  the  surface  72  of  the  portion  64 
to  shift  the  portion,  against  the  bias  of  the  spring  78, 
away  from  the  surface  52,  to  permit  the  flow  of  liquid  23 
propellant  around  the  portion  64  and  against  thesurfaces 
108  and  110  of  the  head  102  of  the  piston.  This  pressure 
provided  by  the  incoming  liquid  propellant  pushes  the 
piston  head  to  the  left,  creating  and  enlarging  the  avail¬ 
able  volume  of  a  propellant  pumping  chamber  portion  30 
129  and  decreasing  the  available  volume  of  the  combus- 
ton  chamber  portion.  A  small  quantity  of  the  liquid 
propellant  passes  through  the  bores  116  into  the  com¬ 
bustion  chamber  portion  during  this  shifting  of  piston 
head,  and  thus  a  quantity  of  air  which  had  entered  when  33 
the  bolt  was  open,  plus  this  quantity  of  liquid  propel¬ 
lant,  are  compressed  and  trapped  in  the  combustion 
chamber.  The  liquid  propellant  is  atomized  as  it  passes 
through  the  bores,  and  the  total  quantity  and  the  size  of 
the  droplets  is  a  function,  inter  alia,  of  the  diameter  of  40 
the  bores,  the  configuration  of  the  bores  such  as  axial  or 
impinging  (FIG.  4),  and  the  pressure  of  the  liquid  pro¬ 
pellant.  When  the  piston  head  has  reached  its  maximum 
excursion  in  compression,  that  is,  leftmost  travel,  the 
liquid  pressure  in  the  pumping  chamber  portion  129  43 
equals  the  liquid  pressure  in  the  supply  manifold  124 
and  the  supply  chamber  portion  34,  and  the  spring  78 
drives  the  sleeve  60  to  the  right,  thereby  closing  the 
check  valve  36.  This  quantity  of  compressed  air*  and 
atomized  propellant  in  the  combustion  chamber  portion  30 
adjacent  the  sparkplug  is  predetermined  and  repeatable, 
and  serves  as  a  primer  for  the  combustion  of  the  main 
charge  of  propropellant  disposed  in  the  supply  chamber 
portion.  Ignition  of  this  primer  is  provided  by  the  spark¬ 
plug.  Ignition  of  the  primer  generates  combustion  gas  33 
whose  pressure  drives  the  piston  to  the  right  to  increase 
the  volume  of  the  combustion  chamber  portion  and  to 
decrease  the  volume  of  the  pumping  chamber  portion. 
The  difference  in  areas  of  the  two  faces  of  the  piston 
generates  a  difference  in  pressure  in  the  two  chambers  60 
so  that  liquid  propellant  is  continually  forced  through 
the  bores  116  into  the  combustion  chamber  at  a  con¬ 
trolled  rate.  The  piston  head  is  displaced  continually  to 
the  right  towards  the  closed  check  valve  36.  As  the 
piston  head  closes  onto  the  annulus  74  of  the  check  63 
valve  the  remainder  of  the  liquid  propellant  trapped 
therebetween  provides  an  energy  absorbing  function 
and  absorbs  the  energy  of  the  moving  piston  head  as  it 
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impacts  against  the  check  valve  annulus,  without  any 
ullage.  The  interface  surfaces  110  and  74  should  be 
conical,  approaching  a  cylinder,  to  provide  maximum 
travel  time  for  trapped  fluid  to  absorb  energy  and  pass 
through  the  bores,  yet  not  so  cylindrical  as  to  trap  liquid 
and  prevent  such  liquid  from  reaching  and  passing 
through  the  bores. 

The  interface  between  the  piston  stem  104  and  the 
bore  62  may  be  without  seals,  since  any  leakage  from 
the  pumping  chamber  portion  will  merely  pass  back 
into  the  supply  chamber  portion.  The  L-ring  section  106 
provides  an  effective  seal  between  the  hot  gun  gas  in  the 
combustion  chamber  and  the  relatively  cold  liquid  in 
the  pumping  chamber  portion,  in  that  there  is  a  differ¬ 
ence  in  pressure  on  the  piston  head  which  provides  for 
the  flow  of  liquid  propellant  from  the  pumping  chamber 
to  the  combustion  chamber,  which  precludes  any  flow 
of  gun  gas  from  the  combustion  chamber  to  the  pump¬ 
ing  chamber. 

To  provide  lubrication  between  the  piston  head  102 
and  the  wall  of  the  bore  30,  a  plurality  of  shallow,  heli¬ 
cal  grooves  200  may  be  provided  in  the  peripheral  sur¬ 
face  of  the  piston  head,  communicating  from  the  left 
face  112  to  the  right  face,  adjacent  110.  Liquid  propel¬ 
lant  will  be  forced  through  these  apertures  at  the  same 
time  as  through  the  bores  116,  and  will  lubricate  this 
interface.  All  lubricant  passing  into  the  combustion 
chamber  portion  will  be  in  a  swirl  pattern,  thus  provid¬ 
ing  a  film  cooling  effect  to  the  chamber  bore  30,  after 
which  it  will  be  burned,  either  as  primer,  or  as  part  of 
the  main  charge.  A  fresh  supply  of  lubricant  is  provided 
during  each  firing  cycle,  and  will  clean  out  any  particles 
which  may  lodge  in  the  grooves. 

Lubrication  of  the  interface  between  the  piston  stem 
and  the  check  valve  sleeve  is  also  provided  by  the  liquid 
propellant. 

The  leakage  propellant  will  act  as  a  booster  as  well  as 
a  primer.  The  piston  compresses  air  in  front  of  it,  and 
then  creates  a  two-phase  mixture  in  front  of  it,  which  on 
ignition,  acts  as  a  booster  charge.  A  small  booster 
charge  results  in  a  much  faster  initial  chamber  pressure 
rise  which  improves  ballistic  efficiency. 

What  is  claimed  is: 

1.  A  liquid  propellant,  regenerative  action,  gun  com¬ 
prising: 

a  cylinder  having  a  longitudinal  bore; 

a  regenerative  piston  having  a  head  disposed  within 
and  circumferentially  sealed  to  said  cylinder  bore; 

said  piston  head 

dividing  said  cylinder  bore  into  a  combustion  cham¬ 
ber  portion  and  a  propellant  pumping  chamber 
portion, 

having  a  combustion  face  defining  in  part  said  com¬ 
bustion  chamber  portion  and  a  supply  face  defin¬ 
ing  in  part  said  propellant  pumping  chamber  por¬ 
tion,  and 

having  a  plurality  of  bores  communicating  between 
said  supply  face  and  said  combustion  face; 

igniter  means  disposed  within  said  combustion  cham¬ 
ber  portion; 

means  for  admitting  a  quantity  of  gas  into  said  com¬ 
bustion  chamber  portion; 

means  for  supplying  liquid  propellant  under  pressure; 

supply  valve  means  for  coupling  and  for  decoupling 
said  supply  means  to  said  propellant  pumping 
chamber  portion  of  said  cylinder  bore; 
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said  piston,  said  gas  admitting  means,  said  supply 
valve  means  and  said  igniter  means  having  a  mode 
of  operation  such  that: 

initially  said  piston  is  so  disposed  within  said  cylin¬ 
der  bore  as  to  provide  said  pumping  chamber  5 
portion  with  substantially  zero  volume  and  said 
combustion  chamber  portion  with  its  maximum 
volume, 

thereafter  said  gas  admitting  means  admits  a  quantity 
of  gas  into  said  combustion  chamber  portion;  and 

thereafter  said  supply  valve  means  couples  said  sup¬ 
ply  means  to  said  propellant  pumping  chamber 
portion  to  admut  a  first  quantity  of  propellant  under 
pressure  into  said  pumping  chamber  portion,  which  |  j 
admission  causes  translation  of  said  piston  head  to 
increase  the  volume  of  said  pumping  chamber  por¬ 
tion  and  to  decrease  the  volume  of  said  combustion 
chamber  and  also  causes  the  passage  of  a  lesser 
second  quantity  of  propellant  from  said  pumping  20 
chamber  through  said  plurality  of  bores  in  said 
piston  head  into  said  combustion  chamber,  said 
plurality  of  bores  serving  to  atomize  such  passed 
propellant  into  droplets,  whereby  said  quantity  of 
gas  and  said  second  quantity  of  atomized  propellant  *5 
are  compressed  in  said  combustion  chamber  portion 
adjacent  said  igniter  means  and  serve  as  a  primer  to 
be  ignited  by  said  igniter  means. 

2.  A  gun  according  to  claim  1  wherein:  ^ 

the  opening  and  closing  of  said  projectile  receiving 

chamber  by  said  gun  bolt  serves  to  admit  and  trap  a 
quantity  of  air  in  said  combustion  chamber  portion, 
which  air  is  compressed  subsequently  by  said  piston 
head  while  liquid  propellant  passes  through  said  33 
bores  of  said  piston  head,  to  provide  a  two  phase 
mixture  of  gas  and  atomized  liquid  propellant  in 
said  combustion  chamber  portion. 

3.  A  gun  according  to  claim  1  wherein: 

said  piston  head  has  a  peripheral  surface  which  en-  40 
gages  the  inner  wall  of  said  cylinder  bore,  and 
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a  groove  is  provided  in  said  piston  head  peripheral 
surface  communicating  from  said  supply  face  to 
said  combustion  face  of  said  piston  head,  whereby 
when  said  valve  means  couples  said  supply  means 
to  said  propellant  pumping  chamber  portion  and 
liquid  propellant  under  pressure  enters  said  pro¬ 
pellant  pumping  chamber  portion,  a  portion  of 
such  liquid  propellant  passes  through  said  groove 
in  said  piston  head  peripheral  surface  and  serves 
as  a  lubricant  for  the  interface  of  said  piston  head 
peripheral  surface  and  said  cylinder  bore  inner 
wall,  as  well  as  a  film  coolant  to  said  cylinder 
bore  inner  wall. 

4.  A  gun  according  to  claim  3  wherein: 

said  groove  comprises  one  of  a  plurality  of  helically 
extending,  annularly  spaced  apart  grooves. 

5.  A  process  of  charging  a  liquid  propellant  gun  hav¬ 
ing  a  differential  piston  with  propellant  injection  bores 
therethrough  for  regenerative  injection  of  propellant 
into  the  combustion  chamber  from  a  propellant  pump¬ 
ing  chamber,  wherein  said  piston  interfaces  both  said 
combustion  chmber  and  said  pumping  chamber,  com¬ 
prising: 

translating  said  piston  to  provide  said  pumping  cham¬ 
ber  with  substantially  zero  volume  and  said  com¬ 
bustion  chamber  with  its  maximum  volume; 

admitting  liquid  propellant  under  pressure  into  said 
pumping  chamber  to  translate  said  piston  to  in¬ 
crease  the  available  volume  of  the  pumping  cham¬ 
ber  and  to  decrease  the  volume  of  the  combustion 
chamber  and  to  concurrently  force  a  quantity  of 
propellant  from  said  pumping  chamber  through 
said  injection  bores  and  atomizing  said  quantity  of 
propellants  into  droplets  and  into  said  combustion 
chamber. 

6.  A  process  according  to  claim  5  further  including: 

admitting  a  second  quantity  of  gas  into  said  combus¬ 
tion  chamber; 

compressing  said  gas  and  said  droplets  into  a  two 
phase  mixture. 
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[57]  ABSTRACT 

A  liquid  propellant  gun  utilizes  a  plurality  of  combustor 
assemblies  or  cells  located  about  the  periphery  of  the 
breech  end  of  a  gun  barrel.  Scaling  to  larger  size  guns 
may  be  achieved  by  using  different  numbers  of  identical 
combustor  assemblies  about  the  periphery  of  the  bore. 
Further  adjustments  may  be  made  by  changing  the 
stroke  length.  Such  a  standardized  piston  may  be  devel¬ 
oped  for  a  single  cell  gun  where  it  may  be  perfected 
prior  to  adding  pluralities  of  said  cells  to  form  larger 
guns.  Due  to  each  cell  burning  propellant  progres¬ 
sively,  each  generates  gas  at  a  fixed  rate  so  that  for 
example  eight  cells  supply  eight  times  the  rate  of  one 
cell.  Hence  scaling  becomes  a  rational  procedure. 
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LIQUID  PROPELLANT  GUN  (SCALING  WITH 
MULTIPLE  COMBUSTION  ASSEMBLIES) 

BACKGROUND  OF  THE  INVENTION  5 

1.  Field  of  the  Invention 

This  invention  relates  to  liquid  propellant  guns  utiliz¬ 
ing  a  differential  piston  to  provide  continued  v.-r  regen¬ 
erative  injection  of  propellant  into  the  combustion 
chambers  after  initial  ignition  of  propellant  in  the  cham-  10 
ber. 

2.  Prior  Art 

Liquid  propellant  guns  utilizing  differential  pistons  to 
pump  propellant  into  the  combustion  chamber  during 
combustion  are  now  well  known.  Early  work  is  de-  15 
scribed  in  a  Final  Report  of  Nov.  19  53 — 31  Jan.  56 
under  contract  DA-36-034-ORD-1504RD,  Project  TSI- 
47-8  by  V.  M.  Barnes,  Jr.  et  al  which  apparently  in  part 
corresponds  to  Jukes  et  al,  U.S.  Pat.  No.  3,138,990  filed 
Oct.  9,  1961;  in  a  report  No.  17-2  of  June  15,  1954  under  20 
contract  NOrd- 10448  by  C.  R.  Foster  et  al;  and  in  a 
Final  Report  of  Sept.  1,  1957  under  contract  NOrd 
16217,  Task  1,  by  L.  C.  Elmore  et  al.  Other  patents  of 
interest  are  J.  W.-  Treat,  Jr.,  U.S.  Pat.  No.  2,922,341, 
filed  Nov.  7,  1955;  E.  J.  Wilson,  Jr.  el  al.  U.S.  Pat.  No.  25 
2,981,153,  filed  Nov.  14.  1952;  C.  M:  Hudson,  U.S.  Pat. 

No.  2,986,072,  filed  Nov.  19,  1952;  and  E.  J.  Vass  et  al, 
U.S.  Pat.  No.  3,690,255  filed  Oct.  1,  1970. 

An  object  of  this  invention  is  to  provide  a  rational 
scaling  procedure  through  the  use  of  a  plurality  of  iden-  30 
tical  combustor  assemblies  utilizing  a  differential  piston, 
such  combustor  assemblies  being  of  a  standardized  de¬ 
sign  fully  developed  through  test,  therefore  allowing 
any  practical  number  of  said  combustor  assemblies  to 
supply  gas  to  various  size  guns.  35 

A  feature  of  this  invention  is  the  provision  that  a 
standardized  combustor  assembly  may  be  fully  devel¬ 
oped  to  a  high  degree  of  reliability  before  using  these 
modules  in  various  size  multicell  guns.  Two  or  possibly 
three  different  size  pistons  may  be  required  to  cover  a  40 
complete  range  of  gun  bores. 

RELATED  CASES 

Subject  matter  directed  to  the  details  of  the  check 
valve  disclosed  herein  is  claimed  in  Ser.  No.  694,867  45 
filed  by  D.  P.  Tassie  on  June  10,  1976,  and  in  Ser.  No. 
694,868  filed  by  A.  R.  Grahm  on  June  10,  1976.  Subject 
matter  directed  to  the  details  of  the  combustcy  assembly 
disclosed  herein  is  claimed  in  Ser.  No.  694,866  filed  by 
A.  R.  Grahm  on  June  10,  1976.  50 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  advantages  and  features  of 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa-  55 
nying  drawing  in  which: 

FIG.  1  is  a  detail  view  in  longitudinal  cross-section  of 
a  gun  incorporating  a  combustor  assembly  embodying 
this  invention; 

FIG.  2  is  an  enlarged  detail  of  FIG.  1  of  the  combus-  60 
tor  assembly  in  the  end  of  propellant  injection  mode; 

FIG.  a  transver  e  view  in  cross-section  taken 
along  the  >itne  III— III  of  FIG.  2; 

FIG.  4  is  an  enlarged  detail  of  FIG.  1  of  the  combus¬ 
tor  assembly  in  the  propellant  filling  mode;  and  65 

FIG.  5  is  a  transverse  view  in  cross-section  of  a  gun 
incorporating  a  plurality  of  the  combustor  assemblies  of 
FIG.  1  taken  along  the  folded  plane  V — V, 


DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

This  invention,  as  shown  in  FIG.  1,  may  be  incorpo¬ 
rated  in  a  liquid  propellant  gun  of  the  type  shown  by  D. 
P.  Tassie  in  U.S.  Pat.  No.  3,763,739.  However,  the  in¬ 
vention  as  here  shown  utilizes  a  monopropellant,  al¬ 
though  the  regenerative  piston  system  is  applicable  to 
bipropellants  as  well. 

The  gun  system  includes  a  gun  barrel  10,  having  a  gun 
bore  12,  which  is  fixed  in  a  forward  bore  14  of  a  housing 
16.  The  housing  has  an  aft  bore  18,  with  a  plurality  of 
locking  recesses  20,  which  receives  a  gun  bolt  22  having 
a  plurality  of  locking  lugs  24.  A  projectile  26  having  a 
rotating  band  27  may  be  inserted  through  the  aft  bore  18 
and  pushed  forwardly  into  the  gun  bore  12  by  the  bolt 
22,  which  bolt  is  then  locked  in  and  to  the  housing.  The 
band  27  makes  a  gas  tight  seal  with  the  bore. 

The  housing  16  may  have  one,  or  as  shown  in  FIG.  5, 
a  plurality  of  combustor  assemblies  28.  As  shown  in 
FIGS.  1,  2  and  4,  each  combustor  assembly  includes  a 
longitudinal  bore  30  having  a  combustion  chamber  por¬ 
tion  32  and  a  liquid  propellant  inlet  chamber  portion  34. 
A  coaxial  check  valve  36  is  fixed  in  the  bore  30  and 
includes  an  outer  annular  housing  38  which  is  externally 
threaded  at  40  to  engage  threads  42  and  a  shoulder  44  in 
the  bore  30,  and  has  a  longitudinal  bore  in  three  stepped 
portions:  a  portion  46  having  the  smallest  diameter,  a 
portion  48  having  an  intermediate  diameter,  and  a  por¬ 
tion  50  having  the  largest  diameter.  The  housing  39  has 
a  left  face  52,  an  internal  shoulder  54,  an  internal  shoul¬ 
der  56.  and  a  right  face  58.  A  sleeve  60  has  a  longitudi¬ 
nal  bore  62,  a  left,  truncated  conical,  annular  portion  64, 
an  intermediate  portion  provided  by  a  plurality  (here 
shown  as  three)  of  longitudinally  extending,  circumfer¬ 
entially  spaced  apart,  beams  66,  and  a  right  portion 
provided  a  like  plurality  of  heel,  enlarged  terminations 
68  on  each  beam.  The  right  portion  has  a  left  face  70 
which  will  abut  the  shoulder  54,  the  left  portion  has  a 
right  face  72  which  will  mate  with  and  will  seal  against 
the  face  52,  a  conical,  peripheral  face  74,  and  a  left  face 
76.  A  helical  compression  spring  78  is  disposed  between 
the  shoulder  54  and  face  70  and  biases  the  sleeve  60  to 
the  right. 

A  piston  100  has  a  head  portion  102  which  slides  in 
the  combustion  chamber  portion  32  and  a  stem  portion 
104  which  slides  in  the  bore  62  of  the  sleeve  60.  The 
head  portion  has  an  L-ring  longitudinal  cross-section 
with  an  outer-peripheral  surface  106  for  sliding  engage¬ 
ment  with  the  wall  of  the  chamber  32,  a  right  transverse 
annular  surface  108  which  will  mate  with  and  will  seal 
against  the  face  76,  a  right  conical  annular  surface  110 
which  will  mate  with  and  will  seal  against  the  face  74,  a 
transverse  face  111  which  will  mate  with  and  seal 
against  the  face  52,  a  left  face  112  having  a  conical 
recess  114,  and  a  plurality  of  bores  116  disposed  in  an 
annular  row  and  interconnecting  the  face  108  with  the 
recess  114. 

The  left  or  gas  outlet  end  of  the  combustion  chamber 
30  of  each  combustor  assembly  28  is  closed  by  a  plug 
117  which  carries  a  spark  plug  118.  A  respective  radial 
bore  120  communica  es  between  the  respective  combus¬ 
tion  chamber  30  and  the  left  end  of  the  bore  12  adjacent 
the  aft  end  of  the  projectile  26,  or  projectile  receiving 
chamber. 

The  right  or  inlet  end  of  each  liquid  propellant  inlet 
chamber  portion  34  of  each  combustor  assembly  opens 
into  an  annular  passageway  or  manifold  124,  which  in 
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turn  is  open,  at  126,  to  a  propellant  supply  valve  128. 
The  valve  includes  a  housing  130  having  an  inlet  port 
132,  a  cylinder  134,  and  a  spool  136.  The  spool  may  be 
cam  controlled,  as  shown  in  U  S.  Pat.  No.  3,763,739,  for 
synchronization  with  the  other  gun  functions.  Although  5 
a  single  tier  of  eight  combustor  assemblies  is  shown, 
other  configurations  such  as  double  or  triple  tiers,  and 
other  convenient  arrangements  may  be  employed  and 
are  thus  not  limited  to  the  single  tier  configuration  of 
FIG.  3.  10 

As  shown  in  FIG.  1,  before  loading,  the  valve  128  is 
closed  and  the  p,<  ion  100  is  in  its  righthandmost  position 
wherein  it  is  nested  with  and  sealed  to  the  check  valve 
36.  A  projectile  26  is  inserted  into  the  gun  bore  12  and 
the  bolt  22  is  closed  and  locked.  The  spool  136  is  shifted  15 
to  the  left,  opening  the  valve  128,  admitting  liquid  pro¬ 
pellant  under  pressure  into  the  manifold  124.  Propellant 
under  pressure  passes  into  the  chamber  portion  34  and 
into  the  longitudinal  recesses  between  the  beams  66,  and 
applies  pressure  against  the  surface  72  of  the  portion  64  20 
to  shift  the  portion,  against  the  bias  of  the  spring  78,' 
away  from  the  surface  52,  to  permit  the  flow  of  liquid 
propellant  around  the  portion  64  and  against  the  sur¬ 
faces  108  and  110  of  the  head  102  of  the  piston.  This 
pressure  provided  by  the  incoming  liquid  propellant  25 
pushes  the  piston  head  to  the  left,  creating  and  enlarging 
the  available  volume  of  a  propellant  pumping  chamber 
portion  129  and  decreasing  the  available  volume  of  the 
combustion  chamber  portion.  A  small  quantity  of  the 
liquid  propellant  passes  through  the  bores  116  into  the  30 
combustion  chamber  portion  during  this  shifting  of 
piston  head,  and  thus  a  quantity  of  air  which  had  en¬ 
tered  when  the  bolt  was  open,  plus  this  quantity  of 
liquid  propellant,  are  compressed  and  trapped  in  the 
combustion  chamber.  The  liquid  propellant  is  atomized  35 
as  it  passes  through  the  bores,  and  the  total  quantity  and 
the  size  of  the  droplets  is  a  function,  inter  alia,  of  the 
diameter  of  the  bores,  the  velocity  of  the  piston  and  the 
pressure  of  the  liquid  propellant.  When  then  piston  head 
has  reached  its  maximum  excursion  in  compression,  that  40 
is,  leftmost  travel,  the  liquid  pressure  in  the  pumping 
chamber  portion  129  equals  the  liquid  pressure  in  the 
supply  manifold  124  and  the  supply  chamber  portion  34, 
and  the  spring  78  drives  the  sleeve  60  to  the  right, 
thereby  closing  the  check  valve  36.  This  quantity  of  45 
compressed  air  and  atomized  propellant  in  the  combus¬ 
tion  chamber  portion  adjacent  the  sparkplug  is  prede¬ 
termined  and  repeatable,  and  serves  as  a  primer  far  the 
combustion  of  the  main  charge  of  propellant  disposed  in 
the  supply  chamber  portion.  Ignition  of  this  primer  is  50 
provided  by  the  sparkplug.  Ignition  of  the  primer  gen¬ 
erates  combustion  gas  whose  pressure  drives  the  piston 
to  the  right  to  increase  the  volume  of  the  combustion 
chamber  portion  and  to  decrease  the  volume  of  the 
pumping  chamber  portion.  The  difference  in  areas  of  55 
the  two  faces  of  the  piston  generates  a  difference  in 
pressure  in  the  two  chambers  so  that  liquid  propellant  is 
continually  forced  through  the  bores  116  into  the  com¬ 
bustion  chamber  at  a  controlled  rate.  The  piston  head  is 
displaced  continually  to  the  right  towards  the  closed  60 
check  valve  36.  As  the  piston  head  closes  onto  the  annu¬ 
lus  74  of  the  check  valve  the  remainder  of  the  liquid 
propellant  trapped  therebetweeen  provides  an  energy 
absorbing  function  and  absorbs  the  energy  of  the  mov¬ 
ing  piston  head  as  it  impacts  against  the  check  valve  65 
annulus,  without  any  ullage.  The  interface  surfaces  110 
and  74  should  be  conical,  approaching  a  cylinder,  to 
provide  maximum  travel  time  for  trapped  fluid  to  ab- 
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sorb  energy  and  pass  through  the  bores,  yet  not  so  cy¬ 
lindrical  as  to  trap  liquid  and  prevent  such  liquid  from 
reaching  and  passing  through  the  bores. 

The  interface  between  the  piston  stem  104  and  the 
bore  62  may  be  without  seals,  since  any  leakage  from 
the  pumping  chamber  portion  will  merely  pass  back 
into  the  supply  chamber  portion.  The  L-ring  section  106 
provides  an  effective  seal  between  the  hot  gun  gas  in  the 
combustion  chamber  and  the  relatively  cold  liquid  in 
the  pumping  chamber  portion,  in  that  there  is  a  differ¬ 
ence  in  pressure  on  the  piston  head  which  provides  for 
the  flow  of  liquid  propellant  from  the  pumping  chamber 
to  the  combustion  chamber,  which  precludes  any  flow 
of  gun  gas  from  the  combustion  chamber  to  the  pump¬ 
ing  chamber. 

To  provide  lubrication  between  the  piston  head  102 
and  the  wall  of  the  bore  32,  a  plurality  of  shallow,  heli¬ 
cal  grooves  200  may  be  provided  in  the  peripheral  sur¬ 
face  of  the  piston  head,  communicating  from  the  left 
face  112  to  the  right  face,  adjacent  110.  Liquid  propel¬ 
lant  will  be  forced  through  these  apertures  at  the  same 
time  as  through  the  bores  116,  and  will  lubricate  this 
interface.  All  lubricant  passing  into  the  combustion 
chamber  portion  will  be  in  a  swirl  pattern,  ensuring 
good  mixing,  and  will  be  burned,  either  as  primer,  or  as 
part  of  the  main  charge.  A  fresh  supply  of  lubricant  is 
provided  during  each  firing  cycle,  and  will  clean  out 
any  particles  which  may  lodge  in  the  grooves. 

Lubrication  of  the  interface  between  the  piston  stem 
and  the  check  valve  sleeve  is  also  provided  by  the  liquid 
propellant. 

The  leakage  propellant  will  act  as  a  booster  as  well  as 
a  primer.  The  piston  compresses  air  in  front  of  its,  and 
then  creates  a  two-phase  mixture  in  front  of  it,  which  on 
ignition,  acts  as  a  booster  charge.  A  small  booster 
charge  results  in  a  much  faster  initial  chamber  pressure 
rise  which  improves  ballistic  efficiency. 

This  scaling  concept  may  be  best  understood  by  illus¬ 
tration.  Assume  that  a  combustor  assembly  or  cell  has 
been  developed  such  that  six  such  cells  provide  the 
necessary  gas  supply  to  fire  a  3  inch  gun.  A  4  inch  gun 
having  the  same  charge  to  mass  ratio  would  require 
exactly  (4  inch/3  inch)2  X  6  cells  =  10.67  cells.  One 
would  select  10  cells  and  increase  the  storke  length 
slightly  to  make  up  for  the  “0.67”  not  accounted  for. 
Likewise  a  5  inch  gun  would  require  16  cells.  As  many 
cells  may  be  used  as  desired,  but  at  this  point  one  might 
consider  a  second  size  cell  to  cover  the  5  to  10  inch 
range.  Clearly  the  charge  to  mass  ratio  may  be  changed 
for  a  given  size  gun  bore  by  varying  the  number  of  cells 
or  stroke  length. 

By  developing  two  or  three  standard  combustor  as¬ 
semblies  it  is  possible  to  cover  all  gun  sizes  of  interest.  It 
is  possible  to  develop  such  standard  combustor  assem¬ 
blies  to  a  high  degree  of  reliability,  and  in  an  economical 
manner,  since  basic  development  will  be  accomplished 
in  a  single  cell  type  fixture  or  gun.  Each  piston  devel¬ 
oped  will  employ  a  maximum  length  piston  stem  operat¬ 
ing  at  the  maximum  piston  velocity  to  ce  expected 
under  any  condition  since  this  represents  a  limiting 
condition  from  the  damping  standpoint. 

In  order  to  employ  such  a  piston  for  smaller  propel¬ 
lant  charges,  the  stroke  length  is  changed  by  shortening 
the  piston  stem  and  supply  chamber  by  equivalent 
amounts. 

It  is  desirable  to  journal  the  pistons  100  for  reciproca¬ 
tion  along  respective  axes  which  are  parallel  to  the  axis 
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of  the  gun  bore,  (hereby  precluding  any  side  fictional 
loading  of  the  pistons  during  gun  recoil. 

What  is  claimed  is: 

1.  A  liquid  propellant  gun  comprising: 

a  gun  barrel  having  a  bore  and  a  projectile  receiving  S 
chamber,  both  disposed  along  a  first  longitudinal 
axis; 

an  annular  row  of  a  plurality  of  combustor  assemblies, 
each  respectively  comprising  a  liquid  propellant 
supply  chamber,  a  combustion  chamber  and  a  re-  10 
generative  piston  for  pumping  liquid  propellant 
from  said  supply  chamber  into  said  combustion 
chamber,  each  respectively  disposed  along  a  re¬ 
spective  one  of  a  like  plurality  of  second  longitudi¬ 
nal  axes,  said  second  longitudinal  axes  being  uni-  IS 


6 

formly  spaced  apart,  parallel  to  each  other  and  to 
said  first  longitudinal  axis  and  uniformly  spaced 
from  said  first  longitudinal  axis,  each  of  said  plural¬ 
ity  of  combustion  chamber  also  including  a  respec¬ 
tive  one  of  a  like  plurality  of  igniter  means;  and 
conduit  means  coupling  each  of  said  combustion 
chambers  to  said  projectile  receiving  chamber  for 
transmitting  combustion  gas  from  each  said  com¬ 
bustion  chamber  to  said  projectile  receiving  cham¬ 
ber. 

2.  A  gun  according  to  claim  1  wherein: 
said  plurality  of  combustor  assemblies  is  equal  to  or 
greater  than  three  in  number. 
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RENEWABLE  LIQUID  INVESTMENT  SEAL 
BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  a  liquid  seal  for  combustion 
apparatus,  especially  adapted  for  use  in  liquid  propel¬ 
lant,  or  caseless,  or  revolver  type  guns. 

2.  Prior  Art 

Annular  seals  are  well  known,  and  are  shown,  for 
example,  in  Hasek,  U.S.  Pat.  No.  2,117,885;  Asbury, 
U.S.  Pat.  No.  1,376,130;  Gerdom,  U.S.  Pat.  No.  539,733; 
Thierry,  U.S.  Pat.  No.  3,006,254;  Wankel,  Germany 
DAS  1,096,697;  and  Ashley,  U.S.  Pat.  No.  3,783,737. 
Each  of  these  seals  functions  by  stressing  a  ring  into 
abutment  with  a  bore  to  provide  a  close  surface  contin¬ 
uum,  and  is  more  or  less  effective  for  a  limited  number 
of  firings. 

SUMMARY  OF  THE  INVENTION 

Liquid  propellant  guns,  other  guns  firing  caseless 
ammunition,  and  revolver  type  guns  must  be  provided 
with  seals  to  prevent  the  escape  of  gas  from  th  -  riring 
chamber  during  a  repeated  number  of  firings. 

An  object  of  this  invention  is  to  provide  a  seal  for 
such  guns  which  is  effective  during  a  repeated  number 
of  firings. 

A  feature  of  the  invention  is  the  provision  of  a  liquid 
investment  seal  for  the  firing  chamber  of  a  gun  which  is 
renewed  at  the  commencement  of  each  firing. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

FIG.  1  is  a  longitudinal  cross-section  of  a  firing  cham¬ 
ber  for  a  liquid  propellant  gun,  of  the  type  shown,  for 
example,  by  Tassie  in  U.S.  Pat.  No.  3,763,739,  issued 
Oct.  9,  1973,  showing  a  bolt  incorporating  this  inven¬ 
tion  in  its  closed  and  locked  disposition; 

FIG.  2  is  a  transverse  cross-section  of  the  chamber  of 
FIG.  1,  taken  along  the  plane  II — II; 

FIG.  3  is  a  detail  view,  in  longitudinal  cross-section, 
of  the  chamber  of  FIG.  1,  showing  the  bolt  in  its  un¬ 
locked  and  propellant  filling  disposition; 

FIG.  4  is  an  enlarged  detail  view,  in  longitudinal 
cross-section,  of  the  bolt  and  the  chamber  of  FIG.  1, 
showing  the  generation  of  the  liquid  investment  seal; 

FIG.  5  is  a  schematic  of  a  portion  of  a  revolver  having 
a  firing  chamber  and  a  portion  of  a  gun  barrel,  incorpo¬ 
rating  this  invention;  » 

FIG.  6  is  a  longitudinal  cross-section  of  portions  of  a 
firing  chamber  and  a  gun  barrel  incorporating  the 
mechanism  of  FIG.  5; 

FIG.  7  is  a  transverse  cross-section  of  the  mechanism 
of  FIG.  5  taken  along  the  plane  VII— VII; 

FIG.  8  is  a  chart  showing  chamber  pressure  and  seal- 
piston  stroke  against  time  using  "decalin"  as  an  invest¬ 
ment  material;  and, 

FIG.  9  is  a  chart  showing  chamber  pressure  and  seal- 
piston  stroke  against  time  using  grease  as  an  investment 
material. 

DESCRIPTION  OF  THE  FIRST  EMBODIMENT 
OF  THE  INVENTION 

In  guns  firing  conventional  cased  ammunition,  the 
interface  between  the  combustion  or  firing  chamber  and 
the  gun  bolt  is  sealed  by  the  cartridge  case.  A  new  case 
is  provided  for  each  firing.  In  many  prior  art  guns  utiliz¬ 
ing  liquid  propellant  to  fire  a  projectile  without  a  car¬ 
tridge  case,  the  interface  between  the  chamber  and  the 
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bolt  is  closed  by  a  seal  ring  which  is  carried  by  the  bolt. 
In  most  such  guns,  the  seal  ring  is  stressed  by  the  com¬ 
bustion  gas.  There  is  a  small  initial  leakage  which  causes 
heating  and  erosion  of  the  seal  ring,  and  often  allows 
5  foreign  particles  to  enter  the  gap  and  to  interfere  with 
the  seating  of  the  seal  ring.  In  U.S.  Pat.  No.  3,783,737, 
which  uses  a  pre-stressed  ring  seal,  this  problem  is  obvi¬ 
ated;  however,  the  metal-to-metal  contact  does  eventu¬ 
ally  result  in  frictional  wear,  galling  and  fatigue. 

10  To  overcome  all  of  these  disadvantages  this  invention 
provides  a  liquid  which  is  used  to  fill  or  to  invest  the 
joint  or  gap  between  the  bolt  and  the  combustion  cham¬ 
ber  at  a  pressure  which  is  higher  than  the  pressure  of  the 
combustion  gas  in  the  chamber,  so  that  the  investment 
15  liquid  will  flow  into  the  chamber,  rather  than  the  com¬ 
bustion  gas  flowing  into  the  joint.  Flow  control  rings 
may  be  used  to  limit  the  rate  of  flow  of  the  investment 
liquid  to  minimize  the  loss  of  the  investment  liquid. 

FIG.  1  shows  a  combustion  chamber  10  in  a  gun 
20  barrel  12  which  is  fixed  to  a  barrel  extension  14,  having 
a  longitudinal  bore  or  antechamber  15  having  a  conical 
transition  portion  16  and  a  reduced  diameter  portion  17. 
Two  concentric  sleeves  18  and  20  are  disposed  in  the 
bore  15  which  is  capped  by  an  L-ring  22  which  is  fixed 
25  to  the  extension  14  and  extends  within  the  bore  15.  The 
L-ring  22  has  a  longitudinal  bore  24,  and  an  outer  ring 
seal  26  and  an  inner  ring  seal  28.  The  outer  sleeve  18  has 
a  forward  annular  rib  30  with  an  outer  ring  seal  32  and 
an  aft  annular  rib  34  with  an  outer  ring  seal  36,  a  for- 
30  wardmost,  inwardly  projecting  nose  cone  section  38, 
and  a  plurality  of  radially  extending  bores  40  located 
between  the  ribs.  The  inner  sleeve  20  has  an  intermedi¬ 
ate  annular  rib  42  having  an  outer  ring  seal  44  and  an 
inner  ring  seal  46,  and  its  aft  end  extends  within  the  bore 
35  24  against  the  ring  seal  28. 

The  gun  bolt  48,  which  may  be  locked  to  the  barrel 
extension  by  conventional  means,  such  as  wing  locks  49, 
is  disposed  within  the  bore  24,  and  within  the  inner 
sleeve  20,  against  the  ring  seal  46,  and  is  reciprocatable 
40  into  the  aft  portion  of  the  combustion  chamber  10.  A 
transverse  bore  50  extends  through  the  gun  barrel  12 
into  the  aft  portion  of  the  combustion  chamber,  and  a 
spark  plug  52  is  fixed  therein. 

An  annular  recess  54  may  be  provided  in  the  interface 
45  between  the  gun  barrel  12  and  the  extension  14  about 
the  cahmber  10  with  a  drain  passageway  56  and  an 
annular  relief  valve  58. 

The  gun  bolt  48  comprises  a  bolt  aft  body  60,  a  bolt 
forward  body  62,  and  a  tubular  coupler  64  which  fixes 
50  together  the  bodies  60  and  62.  The  composite  body  has 
a  blind  longitudinal  bore  66  in  which  are  disposed  a 
helical  compression  spring  68  and  a  piston  70.  The  aft 
portion  of  the  piston  has  a  longitudinally  extended, 
diametrical  slot  72  in  which  is  disposed  a  cross-pin  74 
55  whose  ends  extend  into  a  diametrical  bore  in  the  bolt 
body.  The  cross-pin  thus  captures  the  piston  within  the 
bore  66  while  permitting  limited  reciprocation  therein. 
The  piston  captures  the  spring  68  within  the  bore,  while 
the  spring  biases  the  piston  forwardly.  The  piston  has  a 
60  head  which  at  its  forwardmost  end  is  disk -shaped  as  at 
78  with  a  conical  transition  portion  80  leading  to  the 
stem  82.  The  forward  portion  of  the  bore  66  is  enlarged 
in  a  cone-shape,  as  at  84,  to  mate  with  conical  portion  80 
of  the  piston  head. 

65  The  longitudinal  length  of  the  sleeve  18,  from  its 
forwardmost  portion  38  to  its  aftmost  portion  34  is 
shorter  than  the  longitudinal  length  of  the  bore  15  from 
its  forwardmost  conical  surface  16  to  its  aftmost  trans- 
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verse  surface  provided  by  the  ring  22.  Thus  the  sleeve 
18  is  free  to  slide  to  and  between  a  forwardmost  position 
shown  in  FIG.  1  and  an  aftmost  position  shown  in  FIG 
3.  Similarly,  the  longitudinal  length  of  the  sleeve  20 
between  it  forwardmost  end  and  the  annular  rib  42  is 
shorter  than  the  open  length  of  the  bore  15.  When  both 
sleeves  are  in  their  forwardmost  positions  a  void  90  is 
defined  in  which  is  received  a  quantity  of  gas  under 
pressure,  supplied  from  a  source,  not  shown,  via  a  con¬ 
duit  91  assembly.  This  gas  serves  as  a  gas  spring,  biasing 
the  sleeves  towards  their  forwardmost  positions. 

The  barrel  extension  14  also  has  a  radial  bore  92 
which  opens  into  the  bore  15  between  the  ribs  30  and  34 
of  the  sleeve  18  when  the  sleeve  18  is  in  either  its  fore  or 
aft  position.  The  extension  also  has  a  radial  bore  94 
which  opens  into  the  bore  15  forward  of  the  annular  rib 
30  when  the  sleeve  18  is  in  either  its  fore  or  aft  position. 
In  a  liquid  propellant  gun  of  the  type  taught  in  U.S.  Pat. 
No.  3,763,739,  a  measured  quantity  of  liquid  fuel  is 
pumped  through  the  bore  92  while  a  measured  quantity 
of  liquid  oxidizer  is  pumped  through  the  bore  94.  These 
liquids  force  the  sleeves  aft,  against  the  bias  of  the  gas 
spring,  so  that  fuel  passes  through  the  radial  bores  40  in 
the  sleeve  18,  then  forwardly  between  the  sleeves,  then 
around  the  head  of  the  piston  and  into  the  combustion 
chamber;  while  oxidizer  passes  around  the  conical  por¬ 
tion  of  the  sleeve  18  into  the  combustion  chamber. 
When  the  supply  of  fuel  and  oxidizer  under  pressure 
ceases,  the  gas  spring  biases  the  sleeves  forwardly,  as 
shown  in  FIG.  1,  to  provide  a  seal  between  the  sleeves 
20  and  18  and  the  barrel  extension,  forward  of  the  sup¬ 
ply  bores  92  and  94.  The  annular  flows  of  fuel  and  oxi¬ 
dizer  guided  by  the  sleeves  18  and  30  intermix  to  fill  the 
combustion  chamber  with  a  relatively  homogeneous 
mixture.  A  quantity  of  this  liquid  mixture  is  trapped  in 
the  annular  void  between  the  a  ft  conical  surface  of  the 
head  of  the  piston  and  the  mating  conical  surface  of  the 
bolt  body.  As  shown  in  FIG.  4,  a  leakage  interface  Z 
exists  between  the  bolt  body  and  the  piston  stem,  a 
leakage  interface  Y  exists  between  the  bolt  body  and  the 
barrel,  and  a  leakage  interface  X  exists  between  the 
piston  head  and  the  barrel.  To  permit  a  more  generous 
clearance  between  the  bolt  body  and  the  chamber  wall 
of  the  barrel,  an  L-ring  sea!  96  may  be  disposed  in  an 
annular  notch  98  cut  into  the  forward-outer  corner  of 
the  bolt  body.  This  ring  differs  from  a  conventional  seal 
in  that  no  preload  against  the  chamber  wall  is  necessary. 

When  ignition  is  provided  by  the  spark  plug’  the 
mixture  of  fuel  and  oxidizer  forward  of  the  piston  head 
adjacent  the  spark  plug  burns  and  generates  combustion 
gas  under  relatively  high  pressure.  This  gas  pressure  is 
communicated  to  the  piston  head,  biasing  it  aft  against 
the  return  spring.  The  liquid  trapped  or  invested  behind 
the  piston  head  is  under  a  relatively  higher  pressure 
than  the  combustion  gas,  which  is  equal  to  the  piston 
head  transverse  area  divided  by  the  difference  of  the 
piston  head  transverse  area  and  the  piston  stem  cross- 
sectional  area,  all  multiplied  by  the  combustion  gas 
pressure.  The  invested  liquid  flows  out  of  the  interfaces 
X,  Y,  and  Z  at  this  relatively  high  pressure.  This  for¬ 
ward  flow  at  X,  being  at  a  higher  pressure  than  the 
liquid  or  gas  pressure  in  the  chamber  forward  of  the 
piston  head,  precludes  any  flow  aftward  of  combustion 
gas  at  X.  The  use  of  the  L-rmg  seal  96  effectively  pre¬ 
cludes  any  significant  flow  of  investment  liquid  at  Y, 
which  would  otherwise  ultimately  pass  to  the  atmo¬ 
sphere 


DESCRIPTION  OF  THE  SECOND 
EMBODIMENT  OF  THE  INVENTION 

The  invention  may  also  be  utilized  to  seal  a  revolver 
5  to  a  gun  barrel.  An  exemplary  revolver  gun  is  shown  in 
the  Final  Report,  19  Nov.  1953-31  Jan.  1956,  under 
contract  DA-36-034-ORD-1504RD,  Project  TS1-47-8. 
page  31,  FIG.  16.  As  is  schematically  shown  in  FIG.  5, 
a  revolver  100  has  a  transverse  forward  face  102  which 
10  is  spaced  by  a  leakage  interface  104  from  a  transverse  aft 
face  106  of  a  gun  barrel  108.  The  inner  wall  110  of  a 
chamber  112  of  the  revolver  is  aligned  with  the  inner 
wall  114  of  the  bore  116  of  the  gun  barrel.  Conventional 
means  117  provide  combustion  gas  to  the  chamber  112, 
15  or  the  system  shown  in  FIG.  1  may  be  utilized.  A  cylin¬ 
der  118  is  provided  in  the  wall  of  the  revolver  and  has 
a  combustion  gas  inlet  port  120.  A  piston  122  having  a 
head  124  and  a  stem  126  is  disposed  in  the  cylinder.  The 
cylinder  also  has  an  outlet  port  130  which  communi- 
20  cates  with  an  annular  recess  132  cut  into  the  surface  102 
and  coaxial  with  the  chamber  112.  A  pair  of  flow  con¬ 
trol  L-shaped  rings  134  and  136  may  be  disposed  in  the 
recess.  The  cylinder  below  the  piston  head  is  filled  with 
a  suitable  investment  liquid  such  as  grease  which  can  be 
"  pumped  by  the  piston  head  through  the  recess  and  into 
the  leakage  interface  104.  As  before,  the  investment 
liquid  will  be  pumped  into  the  leakage  interface  at  a 
pressure  which  is  higher  than  the  pressure  of  the  com- 
bustion  gas,  and  which  is  equal  to  the  piston  head  trans¬ 
verse  area  divided  by  the  difference  of  the  piston  head 
transverse  area  and  the  piston  stem  cross-sectional  area, 
all  multiplied  by  the  combustion  gas  pressure. 

As  shown  in  FIGS.  6  and  7,  the  piston  and  the  invest- 
35  ment  liquid  may  be  retained  in  the  cylinder  by  means  of 
a  plug  140.  Suitable  means  for  automatically  charging 
the  cylinder  with  a  supply  of  grease  between  bursts  of 
firing  may  be  provided  by  an  auxiliary  pumping  system, 
not  shown. 

4q  The  flow  control  rings  are  forced  into  the  leakage 
interface  104.  The  rate  of  flow  permitted  by  the  rings  is 
determined  by  surface  conditions.  Flow  towards  the 
atmosphere  should  be  held  to  a  minimum,  while  flow 
towards  the  chamber/bore  should  be  more  generous  to 
45  fill  the  interface  joint  to  preclude  combustion  gas  from 
entering.  Investment  liquid,  such  as  Molybdenum  disul¬ 
phide.  should  be  selected  to  meet  the  high  temperature 
and  high  pressure  conditions  provided  by  the  combus¬ 
tion  gas. 

50  FIG.  8  shows  piston  stroke  and  chamber  pressure 
versus  time  in  a  mechanism  shown  in  FIG.  1  utilizing 
decahn  as  (he  investment  liquid. 

FIG.  9  is  fimilar  to  FIG.  8,  but  utilizing  a  MIL-G- 
3  27  8  A  grease. 

55  What  is  claimed: 

1.  An  engine  comprising: 
a  combustion  chamber; 

a  first  means  cyclically  reciprocatable  between  a  first 
station  for  closing  one  end  of  said  combustion 
to  chamber  and  a  second  station  for  opening  said  one 
end  of  said  combustion  chamber; 
said  first  means,  when  closing  said  combustion 
chamber,  having  a  common  interface  therewith; 
second  means  for  providing  combustion  gas  at  a  vari- 
t>5  able  first  pressure  in  said  chamber; 

third  means  for  providing  a  liquid  into  said  common 
interface  at  a  variable  second  pressure  which  is 
always  greater  than  said  first  pressure,  whereby 
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such  liquid  seals  said  common  interface  and  a  por¬ 
tion  thereof  flows  into  said  combustion  chamber. 

2.  An  engine  according  to  claim  1,  wherein: 
said  third  means  includes 

a  pump  having  5 

a  supply  of  such  liquid  having  an  outlet  communi¬ 
cating  with  said  common  interface,  and 
a  piston  having  a  first  face  of  a  first  cross-sec¬ 
tional  area  communicating  with  said  combus¬ 
tion  chamber,  and  a  second  face  of  a  second  10 
cross-sectional  area,  which  is  smaller  than  said 
first  area,  communicating  with  said  supply  of 
such  liquid. 

3.  An  engine  according  to  claim  1  wherein: 

said  engine  is  a  gun;  15 

said  combustion  chamber  is  part  of  a  gun  bore;  and 
said  first  means  is  a  breech  block. 

4.  An  engine  according  to  claim  1  wherein: 
said  engine  is  a  gun; 

said  combustion  chamber  is  part  of  a  gun  bore;  and  20 
said  first  means  is  a  gun  bolt. 

5.  An  engine  comprising: 

a  combustion  chamber  having  an  outlet  port; 
a  conduit  for  juxtaposition  with  said  outlet  port; 
said  conduit,  when  juxtaposed  with  said  outlet  port, 
having  a  common  interface  therewith; 
first  means  for  providing  combustion  gas  at  a  variable 
first  pressure  in  said  chamber; 
second  means  fr :  providing  a  liquid  into  said  common 
interface  at  a  variable  second  pressure  which  is 
always  greater  than  said  first  pressure,  whereby 
said  liquid  seals  said  common  interface  and  a  por¬ 
tion  thereof  flows  into  said  combustion  chamber. 

6.  An  engine  according  to  claim  5,  wherein: 
said  second  means  includes 

a  pump  having 

a  supply  of  such  liquid  having  an  outlet  communi¬ 
cating 

ith  said  common  interface,  and  40 

a  piston  having  a  first  face  of  a  first  cross-sec¬ 
tional  area  communicating  with  said  combus¬ 
tion  chamber,  and  a  second  face  of  a  second 
cross-sectional  area,  which  is  smaller  than  said 
first  area,  communicating  with  said  supply  of  45 
such  liquid. 

7.  An  engine  according  to  claim  5  wherein: 
said  engine  is  a  gun; 

said  combustion  chamber  is  part  of  a  revolver;  and 
said  conduit  is  a  gun  bore.  50 

8.  A  gun  comprising: 

a  gun  barrel  having  a  combustion  chamber; 
a  gun  bolt  for  closing  one  end  of  said  chamber; 
said  bolt  including: 

a  bolt  body  having  a  longitudinal  bore  therein,  55 
a  piston  having  a  head  disposed  forward  of  said  body 
and  a  stem  journaled  for  reciprocation  in  said  bolt 
body  bore, 

said  piston  head  having  a  forward  face  of  a  first 
cross-sectional  area  proximal  to  and  in  communi-  60 
cation  with  said  chamber,  and  an  aft  face  of  a 
second  cross-sectional  area,  which  is  less  than 
said  first  cross-sectional  area,  and  which  is  spaced 
from  said  bolt  body  to  mutually  define  a  void; 
means  for  trapping  liquid  in  said  void;  and  65 

having  a  mode  of  operation  such  that  force  applied  to 
said  piston  head  forward  face  at  a  first  pressure  is 
communicated  to  liquid  in  said  void  by  said  piston 
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head  aft  face  at  a  second  pressure  which  is  greater 
than  said  first  pressure. 

9.  A  gun  according  to  claim  8  wherein: 

said  gun  bolt  is  adapted  to  be  locked  to  said  gun  bar¬ 
rel,  in  which  disposition  said  piston  head  and  the 
forward  portion  of  said  bolt  body  enter  the  aft  por¬ 
tion  of  said  chamber,  said  piston  head  defining  a 
first  transverse  clearance  gap  with  respect  to  the 
adjacent  wall  of  said  chamber  and  said  bolt  body 
forward  portion  defining  a  second  transverse  clear¬ 
ance  gap  with  respect  to  said  adjacent  wall  of  said 
chamber  which  is  less  than  said  first  gap. 

10.  A  gun  according  to  claim  8  further  including: 
spring  means  coupled  to  and  between  said  bolt  body 

and  said  piston  to  urge  an  increase  in  the  longitudi¬ 
nal  size  of  said  void,  and  wherein 
force  applied  to  said  piston  head  forward  face  urges  a 
decrease  in  the  longitudinal  size  of  said  void. 

11.  A  gun  for  firing  liquid  propellant  comprising: 

a  gun  barrel  having  a  bore,  a  combustion  chamber  and 
an  antechamber  in  serial,  longitudinal  alignment, 
an  inlet  port  opening  into  said  antechamber, 
a  bolt  journaled  for  longitudinal  reciprocation  and 
having  at  least  two  longitudinal  dispositions, 
a  first  disposition,  whereat  said  bolt  is  aft  of  said 
inlet  port,  and  permits  liquid  flow  from  said  inlet 
port  to  said  combustion  chamber,  and 
a  second  disposition,  forward  of  said  first  dispo¬ 
sition,  whereat  said  bolt  obturates  said  combus¬ 
tion  chamber  and  precludes  liquid  flow  between 
said  inlet  port  and  said  combustion  chamber; 
said  bolt  including: 

a  bolt  body  having  a  longitudinal  bore  therein, 
a  piston  having  a  head  disposed  forward  of  said 
body  and  a  stem  journaled  for  limited  reciproca¬ 
tion  in  said  bolt  body  bore, 
said  piston  head  having  a  forward  face  of  a  first 
cross-sectional  area,  and  an  aft  face  of  a  second 
cross-sectional  area,  which  is  less  than  said  first 
cross-sectional  area. 

means  urging  said  piston  forward  of  said  bolt  body, 
whereat  said  aft  face  of  said  piston  head  is  spaced 
forward  of  said  bolt  body  to  mutually  define  a 
void; 

said  void  adapted  to  receive  liquid  from  said  inlet 
port  when  said  bolt  is  in  its  first  disposition,  and  to 
trap  liquid,  in  conjunction  with  the  wall  of  said 
combustion  chamber,  when  said  bolt  is  in  its  sec¬ 
ond  disposition; 

said  bolt  having  a  mode  of  operation  such  that  force 
applied  to  said  piston  head  forward  face  by  combus¬ 
tion  gas  at  a  first  pressure  in  said  combustion  cham¬ 
ber  is  communicated  to  liquid  trapped  in  said  void 
by  said  piston  head  aft  face  at  a  second  pressure 
which  is  greater  than  said  first  pressure. 

12.  A  gun  according  to  claim  11  further  including: 

a  sleeve  journaled  for  reciprocation  on  said  bolt  body 
and  having  a  first  disposition  for  permitting  the 
flow  of  liquid  from  said  inlet  port  towards  said 
combustion  chamber,  and  a  second  disposition  for 
precluding  the  flow  of  liquid  from  said  inlet  port 
towards  said  combustion  chamber; 
spring  means  urging  said  sleeve  to  said  second  dispo¬ 
sition;  and 

having  a  mode  of  operation  such  that  the  flow  of 
liquid  under  pressure  from  said  inlet  port  serves  to 
displace  said  sleeve  to  said  first  disposition. 

13.  A  gun  according  to  claim  11  wherein: 
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said  boll  body  has  a  forward  transverse  face  adapted 
to  nest  with  said  piston  head  aft  face. 

14.  A  gun  according  to  claim  13  wherein: 


said  bolt  body  forward  portion  has  a  diameter  which 
is  greater  than  the  diameter  of  said  piston  head. 

15.  A  gun  according  to  claim  14  wherein  said  diame¬ 
ter  of  said  bolt  body  forward  portion  is  provided  by  an 
5  L-ring  seal  which  communicates  with  said  void. 
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LIQUID  PROPELLANT  WEAPON  SYSTEM 
RELATED  CASE 

This  application  is  a  division  of  Ser.  No.  575,283,  filed 
May  7,  1975,  now  U.S.  Pat.  No.  4,011,817.  This  applica¬ 
tion  is  also  a  division  of  Ser.  No.  707,144,  filed  July  20, 
1976,  which  was  a  division  of  Ser.  No.  469,507,  filed 
May  13,  1974,  now  abandoned. 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  weapons  systems  employing 
a  liquid  propellant,  and  particularly  to  such  systems 
wherein  the  propellant  is  continuously  pumped  into  the 
combustion  chamber  aft  of  the  projectile  as  the  projec¬ 
tile  advances  along  the  firing  bore. 

2.  Prior  Art 

In  my  earlier  patent  application,  Ser.  No.  469,507, 
filed  May  13,  1974,  now  abandoned,  and  continued  as 
Ser.  No.  707,143  and  Ser.  No.  707,144,  both  filed  July 
20,  1976,  I  disclosed  a  gun  and  ammunition  system  uti¬ 
lizing  a  round  of  ammunition  carrying  a  relatively  nar¬ 
row  diameter  and  relatively  high  mass  projectile  in  a 
relatively  wide  and  relatively  low  mass  sabot  which  is 
initially  accelerated  by  a  primary  propellant  charge  in 
the  combustion  chamber  aft  of  the  projectile  and  which 
is  passed  during  a  relatively  extended  period  of  time  to 
the  combustion  chamber.  Additional  prior  art  is  cited 
and  discussed  in  that  application  which  is  hereby  incor¬ 
porated  by  reference. 

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  provide  a  gun  and 
ammunition  system  utilizing  a  liquid  propellant  travel¬ 
ing  charge  which  is  simpler  than  the  area  differential 
system  disclosed  in  Ser.  No.  469,507  supra. 

A  feature  of  this  invention  is  the  provision  of  a  gun 
and  ammunition  system  which  utilizes  the  difference  in 
density  between  the  combustion  gases  and  the  charge  of 
liquid  propeiUnt  as  the  source  of  energy  for  the  injec¬ 
tion  of  propellant  into  the  combustion  chamber. 

During  the  combustion  of  the  propellant,  an  ex¬ 
tremely  steep  inertial  gradient  exists  between  the  face  of 
the  gun  bolt  and  the  projectile;  and  the  lighter  combus¬ 
tion  gas  propagates  forwardly  into  the  liquid  charge  of 
propellant.  An  injector  device  is  provided  which  has  a 
lower  average  density  than  the  density  of  the  liquid 
charge  and  which  utilizes  this  difference  in  density  to 
control  the  entrance  of  liquid  propellant  in  the  combus¬ 
tion  zone  or  chamber.  The  injector  device  also  defines 
and  controls  the  interface  between  the  liquid  propellant 
and  the  combustion  gas  and  provides  a  true  traveling 
charge  effect. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  features,  and  advantages  of 
this  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  1  is  a  schematic  view  of  a  gun  and  ammunition 
system  embodying  this  invention; 

FIGS.  2A,  2B,  2C,  and  2D  are  schematic  views  of 
various  species  of  cavity  generators  embodying  this 
invention; 

FIGS.  3A  and  3B  are  schematic  views  of  a  fin-stabil¬ 
ized  cavity  generator  embodying  this  invention; 
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FIGS.  4A,  4B,  4C,  and  4D  are  schematic  detail  views 
of  additional  species  of  cavity  generators  embodying 
this  invention; 

FIGS.  5A  and  5B  are  schematic  longitudinal  cross- 
5  section  views  of  two  species  of  a  cased,  pre-loaded 
liquid  propellant  round  of  ammunition  embodying  this 
invention; 

FIGS.  5C  and  5D  are  schematic  longitudinal  cross- 
section  views  of  a  stub-cased,  in-the-gun-filled  round  of 
10  ammunition  before  and  after  loading  with  liquid  propel¬ 
lant,  respectively,  and  embodying  this  invention; 

FIGS.  5E  and  5F  are  schematic  longitudinal  cross- 
section  views  of  a  caseless,  in-the-gun-filled  round  of 
ammunition  before  and  after  loading  with  liquid  propel- 
15  lant,  respectively,  and  embodying  this  invention;  and 

FIG.  6  is  a  detail  view  in  longitudinal  cross-section  of 
the  round  of  FIG.  SD. 

DESCRIPTION  OF  THE  EMBODIMENTS 

20  Taylor  cavity  formation  and  subsequent  Helmholtz 
mixing  are  considered  fundamental  mechanisms  in  bulk- 
loaded  liquid  propellant  guns.  Behavior  of  the  liquid  gas 
interface,  and  heace  of  combustion  processes,  are  attrib¬ 
uted  to  these  phenomena.  The  dynamics  of  two-phase 
25  flow  under  accelerations  as  extreme  as  those  in  guns 
support  this  supposition,  and  evidence  exists  to  confirm 
it.  Though  chamber  pressures  are  higher  than  critical, 
and  transition  between  phases  takes  place  differently 
than  at  lower  pressure  levels,  large  density  differences 
30  must  exist  between  burned  and  unburned  charges.  The 
less  dense  regions  of  combustion  products  undoubtedly 
migrate  through  the  denser  unburned  propellant.  Much 
turbulence  and  liquid  break-up  certainly  occurs. 

FIG.  1  shows  a  liquid  propellant  traveling  charge  10 
35  behind  8  projectile  12  in  a  bore  14  in  a  gun  barrel  16. 
Acceleration  is  taking  place  toward  the  right.  Behind 
the  liquid  charge  is  shown  a  new  component:  a  cavity 
generator  18.  This  is  here  shown  as  an  ogive  having  a 
circular  arc  body  of  revolution.  Behind  the  cavity  gen- 
40  erator  18  is  the  combustion  zone  20  containing  the  hot 
gases  which  constitute  the  products  of  combustion.  The 
cavity  generator  substantially  separates  the  main  body 
of  the  liquid  charge  from  the  combustion  gases. 

The  design  of  the  cavity  generator  18  gives  it  another 
45  more  significant  function.  It  is  constructed  so  that  its 
density  is  less  than  that  of  the  liquid  charge  10  surround¬ 
ing  it.  In  the  high  inertial  gradient  associated  with  accel¬ 
eration  in  the  gun  barrel,  the  lighter  cavity  generator 
will  tend  to  penetrate  the  liquid  charge.  This  is  analo- 
50  gous  to  the  penetration  of  gas  in  the  Taylor  cavity  the¬ 
ory  as  applied  to  guns.  As  the  cavity  generator  pene¬ 
trates,  it  will  displace  liquid  which  necessarily  flows 
rearward  of  the  generator  in  a  relative  sense.  The  cavity 
generator  thus  acts  as  an  injector  system,  controlling 
55  the  rate  at  which  liquid  charge  enters  the  combustion 
zone.  As  it  penetrates  into  the  liquid  charge,  the  cavity 
generator  literally  shapes  and  controls  a  quasi-Taylor 
cavity. 

FIG.  1  shows  the  cavity  generator  as  a  solid  displace- 
60  ment  body  of  appropriate  density  to  aid  in  visualization. 
However,  a  solid  body  of  revolution  is  not  necessarily 
the  most  practical  arrangement  for  actual  application.  It 
occupies  volume  in  the  chamber  before  firing,  and  it 
must  be  expelled  as  debris  after  the  projectile  leaves  the 
65  muzzle.  It  is  advantageous  to  reduce  its  bulk. 

One  way  of  reducing  the  bulk  of  the  cavity  generator 
is  to  make  the  generator  hollow.  Instead  of  a  solid  body, 
it  becomes  a  thin  shell,  open  at  the  rear  and  filled  with 
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combustion  gas.  The  products  of  combustion  will  have 
variable  density  as  pressure  changes,  but  the  average 
density  of  the  products  of  combustion  and  the  generator 
will  always  be  less  than  that  of  the  unburned  liquid 
charge.  5 

In  this  approach,  the  lightest,  thinnest  design  is  uti¬ 
lized.  The  cavity  generator  acts  more  as  a  gas-filled 
balloon  or  membrane  than  as  a  solid  displacement  body. 

Other  species  have  utility.  Multiple  shells  can  be  used 
in  place  of  a  single  one.  and  possibilities  arise  for  vary-  10 
ing  the  character  of  propellant  flow  into  the  combustion 
zone. 

FIGS.  2A  through  2D  show  four  different  examples 
of  cavity  generator  design,  each  of  which  will  produce 
its  own  pattern  of  propellant  flow.  FIG.  2A  shows  a  15 
single  shell  30  construction,  providing  a  conventional 
Taylor  cavity  configuration  with  a  single  wall  of  fluid 
32.  FIG.  2B  shows  a  single  shell  34  having  a  central 
bore  35,  providing  a  single  outer  wall  of  fluid  36  and  a 
central  column  of  fluid  38.  FIG.  2C  shows  a  single  shell  20 
40  having  an  annular  row  of  bores  42,  providing  a  single 
outer  wall  of  fluid  44  and  an  annular  row  of  columns  of 
fluid  46.  FIG.  2D  shows  a  single  shell  48  having  an 
annular  row  of  flutes  50  in  the  surface  thereof,  provid¬ 
ing  a  single  outer  wall  of  fluid  52  with  an  annular  row  of  25 
ridges  54. 

One  or  more  stabilizing  fins  60  may  be  provided  as 
shown  in  FIGS.  3A  and  3B  to  maintain  the  generator  on 
a  longitudinal  axial  path  while  providing  a  thick  outer 
wall  of  fluid.  30 

Features  incorporated  into  cavity  generator  design 
can  further  modify  the  character  of  the  propellant/gas 
interface.  FIGS.  4A  through  4D  illustrate  a  number  of 
species.  Each  of  these  will  affect  the  nature  of  the  pro¬ 
pellant  surface  exposed  to  combustion  products,  with  35 
resultant  effect  upon  burning. 

FIG.  4A  shows  a  series  of  serrations  62  provided  in 
the  trailing  edge  of  the  shell  30  and  bent  outwardly  to 
act  as  flow  spoilers.  FIG.  4B  shows  a  series  of  tabs  64 
spaced  by  apertures  65  and  webs  66  from  the  trailing  40 
edge  of  the  shell  30  and  bent  inwardly  to  deflect  por¬ 
tions  of  flowing  outer  wall  of  liquid  into  the  combustion 
chamber.  FIG.  4C  shows  a  swirl  generator  68  disposed 
in  each  bore  35  or  42.  FIG.  4D  shows  a  closure  with  a 
plurality  of  small  orifices  70  disposed  in  each  bore  35  or  45 
42  for  the  injection  of  streams  of  propellant  into  the 
combustion  chamber. 

The  cavity  generator  represents  debris  which  nfust 
leave  the  muzzle  of  the  gun  behind  the  projectile.  Un¬ 
less  it  is  made  completely  frangible  or  consumable,  the  50 
cavity  generator  concept  is  not  as  well  adapted  to  air¬ 
craft  guns  as  to  ground-based  applications.  The  lowest 
possible  weight  is  necessary,  however,  and  the  mass 
expelled  must  be  minimal  for  most  applications. 

The  cavity  generator  leaves  the  gun  concurrently  55 
with  the  projectile  and  so  has  the  advantage  of  being  a 
one-shot  component  It  is  most  practical  to  combine  the 
cavity  genet ator  with  a  priming  system  and  to  supply 
these  components  to  the  gun  together  with  the  projec¬ 
tile  Such  an  approach  proves  to  be  quite  flexible  in  its  60 
applicability  FIGS.  5A  through  5F  illustrate  three 
different  arrangements.  FIGS.  5A  and  5B  show  a  fully 
preloaded,  cased  configuration  round,  as  employed  in 
guns  handling  conventional  ammunition.  FIGS.  5C  and 
5D  show  a  stub-case,  dry-loaded  round  in-the-gun-filled  65 
configuration.  FIGS.  5E  and  5F  show  a  caseless,  gener¬ 
ator  and  projectile  individually  loaded  round,  m-the- 
gun-fillcd  configuration.  For  details  of  the  loading  and 
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filling  operations,  reference  should  be  had  to  my  disclo¬ 
sure  in  U.S.  Pat.  Application  Ser.  No.  469,507,  filed 
May  13,  1974. 

It  is  necessary  to  initiate  the  inertial  field  which  pro¬ 
duces  the  Taylor  cavity  behind  the  injector  quickly, 
before  combustion  progresses  out  into  the  charge  ahead 
of  the  cavity  generator  30.  FIG.  6  shows  a  stub  case, 
dry  loaded,  in-the-gun-filled  round  of  ammunition,  simi¬ 
lar  to  that  shown  in  FIG.  5D.  The  stub  case  100  is 
locked  into  the  chamber  102  of  the  barrel  104  by  a  bolt 
106.  A  projectile  108  closes  the  open  end  of  the  case.  A 
cavity  generator  110  is  disposed  within  the  bore  111  of 
the  case  against  the  base  112  thereof.  The  bore  111  has 
a  portion  of  smallest  diameter  111a  adjacent  the  base,  a 
portion  of  enlarging  diameter  1116,  and  a  portion  of 
largest  diameter  Illc  adjacent  the  mouth  of  the  case. 
The  outside  diameter  of  the  base  of  the  generator  is 
made  equal  to  the  inside  diameter  of  the  bore  portion 
111a.  A  primer  114  is  fixed  in  a  cup  116  in  the  base  112 
and  communicates  through  a  flash  bore  118  with  a 
booster  120  which  is  fixed  to  the  base  within  the  case 
and  within  the  generator  110.  Liquid  propellant  is 
charged  into  the  case  through  a  port  122  in  the  case 
from  a  valving  system  which  is  not  shown.  The  charge 
of  liquid  propellant  displaces  the  projectile  forwardly 
into  the  bore  124  of  the  barrel  104.  The  primer  is  fired 
to  initiate  the  booster  to  generate  hot  gas  for  the  ignition 
of  the  charge  of  liquid  propellant.  At  first,  the  booster¬ 
generated  gas  is  confined  within  the  hollow  shell  of  the 
generator  110.  The  pressure  of  the  booster-generated 
gas  begins  to  accelerate  the  assembly  of  the  generator, 
the  charge  of  liquid  propellant  and  the  projectile,  which 
assembly  will  travel  a  distance  (X)  before  the  hot  boost¬ 
er-generated  gas  and  the  liquid  propellant  will  meet. 
This  distance  (X)  is  predetermined  by  the  longitudinal 
length  of  the  bore  portion  Ilia  in  the  case.  The  rate  of 
initial  intermixing  of  the  hot  gas  and  the  propellant  can 
be  controlled  by  varying  the  taper  of  the  diameter  of  the 
bore  portion  1116.  The  stabilizing  fin  60  of  FIG.  3A,  if 
required,  may  extend  from  the  forward  part  of  the  gen¬ 
erator  to  the  bore  portion  11  la. 

A  simplified  analysis  of  the  cavity  generator  system 
follows:  Muzzle  velocity  and  pressure-time  relation¬ 
ships  in  the  chamber  are  the  parameters  of  most  interest 
in  assessing  performance.  Turning  again  to  the  basic 
arrangement  illustrated  in  FIG.  1,  the  key  factor  in 
controlling  combustion  is  the  rate  at  which  propellant 
enters  the  combustion  zone  from  around  the  periphery 
of  the  cavity  generator.  This,  in  turn,  is  a  direct  result  of 
the  rate  at  which  the  cavity  generator  penetrates  the 
unburned  charge,  for  it  is  this  action  which  displaces 
fluid  rearward  into  the  combustion  chamber.  The  first 
step,  therefore,  is  to  establish  the  velocity  of  the  cavity 
generator  relative  to  the  liquid  charge  and  projectile. 

From  equations  for  the  cavity  generator  and  the  liq¬ 
uid  charge,  an  expression  has  been  developed  for  the 
velocity  with  which  the  cavity  generator  penetrates  the 
charge,  as  a  function  of  various  parameters.  The  expres¬ 
sion  for  penetration  velocity  is: 


where 


i 
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Vi  =  penetration  velocity 
a  =  projectile  acceleration 
Y cg=  specific  gravity  of  cavity  generator 
Y l=  specific  gravity  of  liquid  propellant 
VCc  =  volume  of  cavity  generator 
A\  —  cavity  generator  base  area 
Ae  =  bore  area 
Penetration  velocity  gives  a  measure  of  the  flow  rate 
of  propellant  into  the  combustion  zone.  This  can  be 
combined  with  equations  for  the  energy  balance  within  10 
the  gun  chamber  to  calculate  chamber  pressure  and 
projectile  motion  as  functions  of  time. 

What  is  claimed  is: 

1.  A  method  of  propelling  a  projectile  from  a  bore  of 
a  gun  comprising: 

providing  a  series  in  said  bore  of  said  gun  a  projectile, 
a  charge  of  liquid  propellant  aft  of  said  projectile, 
and  a  cavity  generator  aft  of  said  projectile  and  said 
charge; 

providing  a  volume  of  combustion  gas  in  said  bore  of  20 
said  gun  aft  of  said  cavity  generator  to  create  a 
combustion  cavity;  and 


6 

translating  said  generator  forwardly  into  said  charge 
of  liquid  propellant  to  enlarge  said  combustion  cav¬ 
ity  and  to  pass  liquid  propellant  aftwardly  into  said 

cavity. 

2.  A  method  according  to  claim  1  further  including: 
finely  dividing  the  liquid  propellant  as  it  is  passed  into 

the  combustion  cavity. 

3.  A  method  according  to  claim  1  further  including: 
passing  the  liquid  propellant  into  said  combustion 

cavity  at  a  rate  which  is  a  function  of  the  penetra¬ 
tion  velocity  of  the  generator  into  the  charge  of 
liquid  propellant. 

4.  A  method  according  to  claim  1  wherein: 
said  cavity  generator  has  a  forward  face  and  an  aft 

IS  face,  the  cross-sectional  area  of  said  forward  face 
being  equal  to  the  cross-sectional  area  of  said  aft 
face. 

5.  A  method  according  to  claim  1  wherein: 
the  average  density  of  said  cavity  generator  is  less 

than  the  average  density  of  said  charge  of  liquid 
propellant. 
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round  which  is  passed  during  a  relatively  extended 
LIQUID  PROPELLANT  WEAPON  SYSTEM  period  of  time  to  the  combustion  chamber. 


This  application  is  a  continuation  of  Ser.  No.  469,507, 
filed  May  13,  1974,  now  abandoned. 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  weapon  systems  employed  a 
liquid  propellant,  and  particularly  to  such  systems 
wherein  the  propellant  is  continuously  pumped  into  the 
combustion  chamber  as  the  projectile  advances  along 
the  firing  bore. 

2.  Prior  Art 

Weapons  systems  providing  traveling  charge  effects 
on  projectiles,  or  rockets,  or  other  related  systems,  are 
shown,  for  example,  in  U.S.  Pat  Nos.  3,431,816; 
3,411,403;  3,459,101;  3,496,827;  3,601,056;  3,613,499; 
3,628,457;  3,648,616;  3,665,803;  3,696,749;  3,698,321; 
3,712,171;  and  3,728,937  In  a  final  report  for  the  Bureau 
of  Ordnance,  Department  of  the  Navy,  under  Contract 
NOrd  16217  Task  1,  dated  September  1,  1957,  work  was 
described  on  a  propellant  carrying  projectile.  “This 
projectile  contained  approximately  100  grams  of  a  hy¬ 
drazine,  hydrazine  nitrate,  water  monopropellant  (63, 
32,  and  5%  by  weight  respectively).  Upon  ignition  of 
the  primary  bipropellant  charge  in  the  breech,  regener¬ 
ative  injection  of  the  bipropellants  progresses  in  the 
usual  manner,  and  the  projectile  is  accelerated.  The 
accelerating  forces  upon  the  projectile  components  are 
so  adjusted  as  to  produce  relative  motion  between  the 
projectile  body  and  the  center  plunger.  This  motion 
expels  the  extrapped  monopropellant  rearward  past  the 
fragile  seal  disk  into  the  hot  combustion  chamber  gases, 
where  it  burns  while  the  projectile  is  accelerated.”  The 
projectile  apparently  comprised  a  forward  solid  cylin¬ 
drical  projectile  whose  outer  wall  engaged  the  inner 
wall  of  the  firing  bore,  an  intermediate,  longitudinally 
central  rod  journaled  through  a  bore  in  the  projectile, 
and  an  aft  sealing  disk  fixed  tothe  rod  and  whose  periph¬ 
ery  engaged  the  inner  wall  of  the  firing  bore.  The 
monopropellant  was  trapped  between  the  forward  cy¬ 
lindrical  projectile  and  the  aft  disk  within  the  firing 
bore.  Solid  primary  charges  were  also  used  in  lieu  of 
liquid  primary  charges.  A  separate  static  sealing  disk 
was  also  used  in  lieu  of  the  peripheral  seal  on  the  aft 
sealing  disk. 

9 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  this  invention  to  provide  a  gun  and 
ammunition  system  for  lauching  rod-shaped  projectiles 
at  high  velocity. 

It  is  an  additional  object  to  provide  such  a  system 
utilizing  liquid  propellants. 

A  feature  of  this  invention  is  the  provision  of  a  gun 
and  ammunition  system  utilizing  a  round  of  ammunition 
which  contains  a  supply  of  liquid  propellant  and  after 
ignition  pumps  this  propellant  into  the  combustion 
chamber  of  the  gun. 

An  additional  feature  of  this  invention  is  the  provi¬ 
sion  of  a  gun  and  ammunition  system  utilizing  a  round 
of  ammunition  carrying  a  relatively  narrow  diameter 
and  relatively  high  mass  projectile  in  a  relatively  wide 
and  relatively  low  mass  sabot,  which  is  initially  acceler¬ 
ated  by  a  primary  propellant  charge  in  the  combustion 
chamber  aft  of  the  projectile  and  which  is  subsequently 
accelerated  by  a  secondary  propellant  charge  in  the 


BRIEF  DESCRIPTION  OF  THE  DRAWING 

5  These  and  other  objects,  features  and  advantages  of 
this  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  1  is  a  view  in  longitudinal  cross-section  of  an 
10  idealized  round  of  ammunition  having  a  sabot  and  a 
system  to  regeneratively  pump  liquid  propellant,  the 
round  is  here  shown  in  its  telescoped,  minimum  length 
configuration,  without  liquid  propellant; 

FIGS.  2A  through  E  respectively  illustrate,  within 
15  the  gun  bore,  the 

A.  before  charging  with  liquid  propellant  configura¬ 
tion, 

B.  after  charging  with  liquid  propellant  and  ready  for 
initiation  of  the  primer  configuration, 

20  C.  shortly  after  initiation  and  commencement  of  in¬ 
jection  of  liquid  propellant  into  the  combustion 
chamber  configuration, 

D.  midbore  configuration,  and 

E.  bore  exiting  and  sabot  stripping  configuration,  in 
25  the  sequence  of  operations  of  the  round  of  FIG.  1. 

FIG.  3  is  a  view  in  longitudinal  cross-section  of  a 
second  embodiment  of  this  invention; 

FIG.  4  is  a  view  in  longitudinal  cross-section  of  a 
third  embodiment  of  this  invention; 

30  FIG.  4a  is  a  detail  of  a  variant  of  the  embodiment 
shown  in  FIG.  4; 

FIGS.  5  and  6  are  views  in  longitudinal  cross-section 
of  a  fourth  embodiment  of  this  invention; 

FIG.  7  is  a  view  in  longitudinal  cross-section  of  a  fifth 
35  embodiment  of  this  invention; 

FIG.  8  is  a  view  in  longitudinal  cross-section  of  a 
sixth  embodiment  of  this  invention; 

FIGS.  9  and  10  are  views  in  longitudinal  cross-sec¬ 
tion  of  a  seventh  embodiment  of  this  invention; 

40  FIGS.  11,  12  and  13  are  views  in  longitudinal  cross- 
section  of  an  eighth  embodiment  of  this  invention; 

FIG.  14  is  a  view  in  longitudinal  cross-section  of  a 
ninth  embodiment  of  this  ivention; 

FIG.  15  is  a  view  in  longitudinal  cross-section  of  a 
45  tenth  embodiment  of  this  invention;  and 

FIG.  16  is  a  view  in  longitudinal  cross-section  of  an 
eleventh  embodiment  of  this  invention. 

DESCRIPTION  OF  THE  EMBODIMENTS 

50  Rod  shaped  penetrators  lauched  at  high  velocities 
from  medium  caliber  guns  are  effective  against  some 
types  of  armor.  Since  rod  penetrators  are  characteristi¬ 
cally  long  and  thin,  sabot  launching  techniques  are 
conventionally  employed.  The  sabot  in  this  case  is  es- 
55  sentially  a  light  weight  piston  of  diameter  larger  than 
the  penetrator,  and  which  supports  the  heavier  penetra- 
tor.  In  the  lauching  or  firing  process,  the  combustion 
gas  acts  against  the  area  of  the  full  diameter  of  the  sabot, 
rather  than  against  the  rod  alone,  in  accelerating  the 
60  two  in  combination. 

Liquid  propellants  have  several  desirable  characteris¬ 
tics,  such  as  relatively  low  flame  temperature  and  ease 
of  storage  and  handling.  A  major  problem  in  the  use  of 
liquid  propellants  lies  in  the  control  of  the  ballistic  pro- 
65  cess  in  the  combustion  chamber.  Propellant  can  be  ei¬ 
ther  placed  in  the  chamber  before  firing  and  then  be 
ignited;  or  it  can  be  metered  into  the  chamber  during 
the  combustion  process.  The  first  mentioned,  sometimes 
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called  preloading,  is  easier  to  do  mechanically,  but  per¬ 
mits  little  control  over  burning  after  ignition.  U.S.  Pat. 

No.  3,763,739  issued  to  D.  P.  Tassie  on  Oct.  9,  1973, 
discloses  a  gun  system  of  this  type.  The  second  men¬ 
tioned,  sometimes  called  forced  injection,  permits  con-  5 
trol  over  the  rate  of  burning  through  control  over  the 
rate  of  introduction  of  the  pronellant,  but  involves  ex¬ 
tremely  high  pumping  pressures.  Such  high  pressures 
pose  stringent  requirements  on  seals,  fittings  and  struc¬ 
tural  components.  If  the  energy  for  forced  injection  is  to  10 
be  supplied  from  an  external  source,  the  power  require¬ 
ments  are  very  high.  For  example,  the  power  required 
to  pump  three  cubic  inches  of  propellant  across  a  pres¬ 
sure  drop  of  10,000  psi  in  20  milliseconds  is  227  hp.  This 
can  be  averaged  over  a  larger  period  in  an  actual  gun  to  15 
lower  the  peak  value,  but  the  power  requirement  is  still 
unreasonable. 

An  effective  solution  to  the  power  requirement  for 
pumped  injection  is  to  utilize  the  combustion  chamber 
pressure  itself  as  the  source  of  energy  for  pumping.  20 
Called  regenerative  injection,  this  scheme  uses  a  differ¬ 
ential  area  piston  for  each  propellant.  The  larger  end  of 
the  piston  is  acted  on  by  the  chamber  pressure,  and  the 
smaller  end  pressurizes  the  propellant  to  be  injected. 
The  difference  in  areas  generates  a  propellant  pressure  25 
sufficiently  higher  than  the  chamber  pressure  to  achieve 
the  desired  rate  of  injection. 

FIRST  EMBODIMENT 

Turning  now  to  FIG.  1,  a  first  embodiment  of  the  30 
invention  is  shown  as  an  idealized  round  of  ammunition 
having  a  sabot  and  regenerative,  liquid  propellant 
pumping  system,  for  use  in  a  gun  which  will  fill  the 
round  with  propellant  before  firing.  The  penetrator  10 
is  here  shown  as  a  rod  which  upon  lauching  will  be  drag  35 
stabilized.  The  sabot  is  a  three  piece  assembly,  compris¬ 
ing  an  annulai  nose  stabilier  12  fixed  to  the  forward  end 
of  the  penetrator,  a  circular  pusher-plate  14  fixed  to  the 
aft  end  of  the  penetrator,  and  a  cylindrical  body  16.  The 
body  16  has  an  internal  bore  18  closed  at  its  aft  end  20,  40 
which  bore  receives  the  plate  14.  The  aft  end  20  serves 
as  an  injector  plate  and  has  a  plurality  of  longitudinal 
bores  22  therethrough  serving  as  injection  passageways. 
Each  bore  is  obturated  by  a  respective  plug  24.  An  aft 
recess  26  receives  a  primary  propellant  charge,  here  45 
shown  as  a  solid  primer  28.  One  or  more  substantially 
radially  oriented  bores  30  pass  through  the  side  wall  32 
of  the  body  into  the  interface  between  the  plate  20  and 
the  plate  14,  to  serve  as  propellant  fill  passageways.  An 
annular  seal  34  is  provided  on  the  periphery  of  the  plate  50 
14,  and  a  pair  of  annular  seals  36  are  provided  on  the 
periphery  of  the  body  16  straddling  the  fill  passage¬ 
ways. 

The  plugs  24  may  be  embodied  as  relief  valves,  indi¬ 
vidual  plugs,  a  burst  diaphragm  fixed  to  the  forward  55 
face  of  the  injector  plate,  or  simply  portions  or  the  bore 
material  not  fully  drilled  through,  all  of  which  will 
shear  or  open  at  the  desired  pressure  level. 

The  penetrator  and  sabot  assembly  may  be  preloaded 
with  liquid  propellant  through  the  fill  passageways,  60 
which  are  then  plugged,  before  being  placed  in  the  gun. 
Alternatively,  the  assembly  may  be  placed  in  the  firing 
bore  40  of  the  gun  and  then  loaded  with  propellant.  The 
actual  firing  process  is  the  same  for  each  scheme,  and 
loading  within  the  gun  will  be  discussed  with  respect  to  65 
FIGS.  2A  through  2C. 

As  shown  in  FIG.  2A,  the  penetrator  and  sabot  as¬ 
sembly,  still  without  its  propellant  charge,  has  been 
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placed  into  the  breech  of  a  gun  barrel  and  the  breech 
has  been  closed.  The  fill  passageways  30  are  aligned 
with  suitable  fill  ports  31  in  the  breech  wall  of  the  gun, 
such  as  are  shown  in  U.S.  3,763,739,  supra,  which  must 
incorporate  high  pressure  fill  valves  or  check  valves 
which  can  withstand  firing  pressure.  These  passage¬ 
ways  serve  as  means  for  providing  liquid  propellant  to 
the  round  of  ammunition  in  the  firing  bore. 

As  shown  in  FIG.  2B,  propellant  is  pumped  into  the 
interface  between  the  injector  plate  20  and  the  pusher 
plate  14,  progressively  pushing  the  pusher  plate  for¬ 
ward  within  the  bore  18  to  create  an  injection  volume 
42  which  receives  a  complete  charge.  Stops  can  be 
provided  to  halt  the  forward  advance  of  the  nose  stabi¬ 
lizer,  or  preferably,  the  charge  can  be  metered.  The 
round  is  shown  fully  charged  and  ready  for  firing. 

As  shown  in  FIG.  2C,  firing  is  initiated  by  setting  off 
the  primer,  which  rapidly  generates  a  small  volume  of 
high  pressure,  hot  gas  in  the  space  43  aft  of  the  injector 
plate  which  serves  as  the  combustion  chamber.  This 
high  pressure  aft  of  the  loaded  round  produces  an  im¬ 
mediate  acceleration  of  the  complete  round.  The  over¬ 
all  force  producing  the  acceleration,  which  force  is 
equal  to  the  chamber  pressure  times  the  chamber  cross- 
sectional  area,  is  exerted  against  the  aft  face  of  the  injec¬ 
tor  plate.  The  penetrator  and  sabot  assembly  has  a  rela¬ 
tively  high  weight  relative  to  the  weight  of  the  body  16 
with  a  correspondingly  relatively  high  inertia.  A  por¬ 
tion  of  the  accelerating  force  is  absorbed  in  accelerating 
the  body  16  per  se,  but  the  remainder  of  the  accelerating 
force  is  transmitted  by  the  forward  surface  of  the  injec¬ 
tor  plate  against  the  charge  of  liquid  propellant.  The 
resultant  pressure  developed  in  the  liquid  is  the  trans¬ 
mitted  force  divided  by  the  liquid  or  injection  volume 
cross-sectional  area.  When  the  ratio  of  the  areas  of  the 
aft  face  of  injector  plate  and  the  injection  volume,  and 
the  body  weight  and  the  total  round  weights  are  prop¬ 
erly  predetermined,  a  liquid  pressure  will  be  generated 
which  is  higher  than  the  chamber  pressure  as  follows: 

Vi/Pd  =  (Ac/Ad  [1-  W1 

where 

Pi  is  liquid  pressure, 

Pc  is  chamber  pressure, 

/4cis  chamber  area, 

Al  is  liquid  area, 

WB  is  body  weight,  and 

H'rot-is  the  sum  of  the  body,  the  liquid  and  the  pene¬ 
trator  and  sabot  assembly  weights. 

The  difference  between  the  two  pressures  P L  and  Pc 
is  the  driving  force  which  can  be  utilized  for  regenera¬ 
tive  injection. 

The  plugs  24  are  designed  to  open  at  a  predetermined 
difference  in  pressure  between  the  interior  volume  and 
the  combustion  chamber.  These  plugs  serve  as  a  pres¬ 
sure  sensitive  obturating  means.  As  shown  in  FIG.  2C, 
when  this  difference  is  reached,  the  plugs  will  open  and 
propellant  will  flow  into  the  chamber.  The  injection 
passageways  22  serve  to  atomize  or  break  up  the  propel¬ 
lant  streams  through  techniques  similar  to  those  used  in 
rocket  injector  design.  As  the  propellant  streams  ini¬ 
tially  encounter  the  hot  primer  gases  they  ignite,  gener¬ 
ating  more  hot  gas.  Incoming  propellant  continues  to 
ignite  and  the  process  becomes  self  sustaining,  and  gen¬ 
erates  increasing  chamber  pressure,  which  accelerates 
the  process.  The  process  continues  until  the  propellant 
is  expended.  Meanwhile,  the  whole  round  is  being  ac- 
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celerated  along  the  bore  by  what  is  in  effect,  a  traveling 
charge.  FIG.  2D  shows  the  round  at  mid-bore  length 
with  the  propellant  partially  expended. 

As  the  round  leaves  the  muzzle,  the  sabot  fore  and  aft 
supports  are  stripped  from  the  penetrator  which  contin¬ 
ues  on  its  course.  FIG.  2E  shows  the  nose  stabilizer  12 
acting  under  wind  forces  to  open  the  body  16  and  free 
the  penetrator. 

The  entire  body  16  is  here  shown  as  engaging  the 
rifling  of  the  bore  40  to  provide  spin  to  the  entire  round 
if  a  spin  stabilized  projectile  is  used.  Alternatively  a 
lesser  annular  portion  of  the  body  may  engage  the  ri¬ 
fling. 

SECOND  EMBODIMENT 

Frictional  forces  are  developed  between  the  body  16 
and  the  interior  wall  of  the  bore  40  as  the  round  is 
launched,  which  are  a  function  of  the  materials  of  the 
body  16  and  the  bore  40  of  the  gun  barrel.  An  alterna¬ 
tive  embodiment  which  minimizes  such  frictional  forces  20 
is  shown  in  FIG.  3. 

The  penetrator  50  is  here  shown  as  a  rod  which  is 
stabilized  by  a  plurality  of  fins  52.  The  sabot  is  a  three 
piece  assembly  comprising  an  annular  nose  stabilizer  54 
fixed  to  the  forward  end  of  the  penetrator,  a  circular  25 
pusher-plate  56  fixed  to  the  aft  end  and  an  injection 
plate  58  having  a  plurality  of  forwardly,  longitudinally 
extending,  integral  rods  60.  The  pusher  plate  56  has  a 
like  plurality  of  longitudinal  bores  62  with  respective 
annular  seals  64  each  passing  a  respective  one  of  the  30 
rods  60.  The  injector  plate  58  also  has  a  plurality  of 
longitudinal  bores  66  therethrough  each  obstructed  by  a 
respective  plug  68,  and  an  aft  recess  70  receiving  a 
primary  propellant  charge  72,  all  similar  to  the  embodi¬ 
ment  of  FIG.  1.  These  plugs  68  serve  as  a  pressure  35 
sensitive  obturating  means.  An  annular  seal  74  is  pro¬ 
vided  in  the  periphery  of  the  injector  plate,  and  an 
annular  seal  76  is  provided  in  the  periphery  of  the 
pusher  plate.  This  penetrator  and  sabot  assembly  is 
disposed  in  the  gun  for  filling  with  propellant  with  the  40 
fill  ports  in  the  breech  wall  of  the  gun  aligned  with  the 
interface  between  the  injection  plate  and  the  pusher 
plate. 

The  use  of  the  rods  60  upon  which  the  pusher  plate 
can  slide  permits  the  omission  of  the  body  structure,  so  45 
that  only  the  peripheries  of  the  pusher  plate,  the  injector 
plate  and  the  stabilizer  need  contact  the  wall  of  the 
barrel  bore  40.  The  liquid  propellant  is  contained  be¬ 
tween  the  pusher  plate,  the  injector  plate  and  the  wall  of 
the  barrel  bore.  The  necessary  differential  in  areas  is  50 
provided  by  the  total  cross-sectional  areas  of  the  rods 
60.  The  rods  provide  an  added  advantage  in  the  sabot 
stripping  phase  of  the  launching  cycle  as  they  are  rela¬ 
tively  weaker  and  therefore  easier  to  deflect  radially 
outwardly  than  the  equivalent  cylindrical  body  16. 

Both  of  the  embodiments  described  above  provide 
the  following  advantages: 

1 .  Controlled  injection  is  achieved  through  regenera¬ 
tive  pumping  action; 

2.  The  inertia  of  the  projectile  itself  is  the  source  of  60 
the  pumping  force; 

3.  The  injection  mechanism  is  incorporated  into  the 
penetrator  and  sabot  assembly,  with  very  littF 
effect  on  the  gun  design, 

4.  A  traveling  charge  effect  is  achieved; 

5.  The  injection  system  and  high  pressure  seals  are 
used  only  once  for  each  shot  and  are  then  dis¬ 
carded. 
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6.  The  sabot  and  projectile  assemblies  may  be  stored 
and  transported  as  essentially  inert,  considering  the 
primer  to  be  relatively  insignificant.  The  assemblies 
do  not  become  active  until  the  introduction  of  the 
5  propellant.  This  can  be  delayed  until  after  cham¬ 
bering  and  locking  in  the  gun. 

The  specification  so  far  has  dealt  whith  idealized 
projectile  and  sabot  assemblies  and  their  launching 
techniques.  Cartridges  embodying  such  assemblies  may 
10  be  provided  in  at  least  several  different  configurations. 

THIRD  EMBODIMENT 

FIG.  4  shows  the  simplest  pre-filled  cartridge  case 
embodiment.  The  projectile  and  sabot  assembly  are 
15  crimped  into  a  cartridge  case  100.  The  assembly  com¬ 
prises  a  forward  annulus  102  which  serves  as  a  pusher 
plate  and  has  a  central  bore  104  receiving  a  spin  stabi¬ 
lized  projectile  106  and  a  plurality  of  bores  108  disposed 
in  an  annular  row,  each  receiving  a  respective  one  of  a 
like  plurality  of  rods  110  which  are  respectively  fixed  to 
an  injector  plate  112.  The  injector  plate  has  an  annular 
seal  114  fixed  to  its  periphery  and  a  plurality  of  longitu¬ 
dinal  injection  passageways  116  which  are  closed  by  a 
diaphragm  118  fixed  to  the  forward  face  of  the  plate. 
The  liquid  propellant  charge  120  is  contained  between 
the  annulus  102,  the  plate  112  and  the  inner  wall  122  of 
the  case  100.  The  bore  of  the  case  includes  an  external 
primer  124  in  communication  with  an  internal  booster 
tube  126  disposed  in  the  combustion  chamber  128  which 
is  defined  by  the  base  of  the  case,  the  injector  plate  and 
the  interior  wall  of  the  case.  Upon  ignition  the  injector 
plate  and  its  rods  move  forwardly  relative  to  the  annu¬ 
lus,  rupturing  the  diaphragm  and  injecting  propellant 
into  the  combustion  chamber.  This  diaphragm  serves  as 
a  pressure  sensitive  obturating  means.  The  inner  wall 
122  of  the  case  is  cylindrical  and  coplanar  with  the  inner 
wall  40  of  the  bore  of  the  gun  barrel,  so  that  the  forward 
annulus  and  the  injector  plate  smoothly  leave  the  case 
and  ride  along  the  gun  bore.  The  forward  annulus  may 
be  made  up  of  segments  to  provide  ready  rupture  and 
release  of  the  projectile  when  the  assembly  leaves  the 
gun  bore. 

The  injector  plate  112  may  be  made  of  arched  cross- 
section  for  a  greater  strength  of  weight  ratio. 

The  rods  110  may  be  replaced  with  hollow  tubes 
110a,  as  shown  in  FIG.  4a,-  which  are  closed  at  their 
forward  ends  and  open  at  their  aft  ends  so  that  the 
interior  volume  of  each  tube  communicates  with  and  is 
at  the  same  pressure  as  the  combustion  chamber  128. 
This  permits  the  use  of  a  thin  wall  tube  whose  wall 
thickness  becomes  progressively  thinner  from  front  to 
rear;  since  as  the  length  of  the  tube  exposed  forwardly 
of  the  annulus  102  into  the  atmosphere  increases,  the 
combustion  chamber  pressure  decreases. 

FOURTH  EMBODIMENT 

In  the  embodiments  discussed  above,  all  of  the  injec¬ 
tion  of  the  propellant  into  the  combustion  chamber 
takes  place  through  the  passageways  of  the  injector 
plate.  An  enlarged  "Taylor  cavity”  will  be  formed  by 
providing  a  tubular  cylinder  of  propellant  liquid  in  the 
combustion  chamber  as  said  chamber  is  being  enlarged 
by  the  forward  movement  of  the  injector  plate.  The 
"Taylor  cavity"  provides  a  liquid-gas  interface  for  com- 
65  bustion.  This  is  accomplished  by  providing  a  variable 
internal  diameter  in  the  case  which  increases  towards 
the  mouth  of  the  case.  As  shown  in  FIG.  5,  the  bore  150 
of  the  case  may  be  tapered,  or  as  shown  in  FIG.  6,  the 
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bore  152  of  the  case  may  be  stepped  to  provide  a  vari¬ 
able,  increasing,  orifice  for  the  liquid  propellant  around 
the  periphery  of  the  injector  plate. 

FIFTH  EMBODIMENT 

The  injector  plate  should  be  prevented  from  moving 
aft  under  impulse  loads  exerted  by  the  liquid  propellant 
under  conditions  of  vigorous  handling  or  in  the  event  a 
cartridge  is  dropped  on  its  base.  Thr>  can  be  accom¬ 
plished  by  providing  stops  on  the  displacement  rods  aft 
of  their  engagement  with  the  injector  plate;  a  step  can 
be  provided  in  the  interor  wall  of  the  case  aft  of  the 
injector  plate;  or  the  injector  plate  may  be  fastened  to 
the  interior  wall  of  the  case  by  a  weak  joint  which  will 
rupture  under  the  firing  forces.  To  further  minimize  the 
effects  of  handling  loads  the  stops  may  be  made  resil¬ 
ient.  As  shown  in  FIG.  7,  the  interior  wall  154  may  be 
provided  with  a  step  155  to  abut  the  outer  margin  of  the 
injector  plate  158.  A  helical  spring  160  may  be  captured 
between  an  additional  step  162  and  the  injector  plate  to 
resiliently  fix  the  inputs  plate  and  to  permit  it  to  move 
aft  slightly  before  abuting  the  positive  shoulder  156. 

SIXTH  EMBODIMENT 

In  the  embodiment  shown  in  FIG.  8,  a  prefilled  case 
is  provided  which  has  an  interior  annular  wall  200  ex¬ 
tending  from  the  base  202  which  together  with  the 
injector  plate  204  and  its  peripheral  seal  205  defines  an 
initial  combustion  chamber.  An  external  primer  206 
communicates  with  an  internal  booster  208  disposed  in 
the  initial  combustion  chamber.  A  plurality  of  rigid, 
spaced  apart,  partitions  210  extend  inwardly  from  the 
interior  wall  212  of  case  which  is  tapered  progressively 
inwardly  from  the  base  to  the  neck  214  to  provide  a 
series  of  compartments  216  of  decreasing  volume,  each 
opening  into  a  central  bore  217.  As  described  with  re¬ 
spect  to  FIG.  4.  the  injector  plate  is  fixed  to  rods  218 
which  are  journaled  through  respective  bores  219  in  an 
annulus  220  which  retains  the  projectile  222.  The  bore 
223  of  the  neck  is  coplanar  with  the  gun  bore  40.  Liquid 
propellant  is  stored  forward  of  the  injection  plate  in  the 
compartments  216  and  in  the  central  bore.  The  propel¬ 
lant  in  the  central  bore  is  injected  into  the  combustion 
chamber  by  the  injection  plate  as  discussed  with  respect 
to  FIG.  4.  The  propellant  in  each  open  compartment 
216  tends  to  remain  in  place  and  to  ignite  as  its  compart¬ 
ment  is  exposed  to  the  initial  combustion  chamber  as  the 
injection  plate  moves  forward,  also  providing  a  “Taylor 
Cavity”  effect. 

SEVENTH  EMBODIMENT 

FIGS.  9  and  10  show  a  dry  loaded  cased  cartridge 
embodiment,  similar  to  the  case  of  FIG.  4.  The  car¬ 
tridge  is  provided  with  a  case  250  having  a  primer  252 
communicating  with  a  booster  charge  254,  and  a  projec¬ 
tile  and  sabot  assembly.  The  sabot  includes  an  injector 
plate  256  having  a  peripheral  seal  258  and  a  plurality  of 
longitudinally  extending  rods  260  fixed  thereto  and 
respectively  journaled  through  bores  261  in  an  annulus 
262  which  has  a  peripheral  seal  264  and  an  axial  bore 
266  receiving  a  projectile  268.  A  stabilizing  ring  270  is 
retained  against  non-finng  loads  aft  of  the  mouth  of  the 
case  as  by  cementing  or  crimping  and  has  a  like  plurality 
of  bores  272  journaling  said  rods  260  and  an  axial  bore 
274  adapted  to  pass  the  projectile.  A  plurality  of  radial 
bores  276  are  disposed  through  the  case  in  an  annular 
row  to  serve  as  propellant  filling  passageways.  In  the 
stored  configuration,  as  shown  in  FIG.  9,  the  annulus 
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262  is  nested  aft,  close  to  the  injector  plate,  without  any 
liquid  propellant,  and  the  seals  258  and  264  straddling 
the  row  of  bores  276.  After  the  case  has  been  loaded 
into  the  gun  and  the  gun  breech  has  been  locked,  the 
liquid  propellant  charge  is  pumped  through  aligned 
ports  in  wall  of  the  breech  of  the  gun  as  described  with 
respect  to  FIG.  2B.  The  injector  plate  is  prevented  from 
aftward  movement  by  suitable  means,  such  as  the  stops 
described  with  respect  to  FIG.  7.  As  the  liquid  propel¬ 
lant  charge  is  pumped  into  the  interface  between  the 
injector  plate  and  the  annulus,  it  forces  the  annulus 
forward  until  it  is  stopped  by  the  stabilizing  ring,  which 
provides  an  automatic  metering  device  for  the  filling 
operation. 

Both  pre-loaded  and  dry-loaded  cased  cartridges 
share  the  following  advantages: 

1 .  Sealing  of  the  breech  is  provided  by  the  case. 

2.  The  priming  system  is  conveniently  provided  for 
each  round. 

3.  A  misfired  round  can  be  completely  extracted  by 
extracting  the  case. 

The  dry-loaded  cartridge  has  the  additional  follow¬ 
ing  advantages  for  shipping  and  handling: 

1.  The  projectile  is  telescoped  within  the  case  for 
shipping  and  for  loading  into  the  gun.  This  minimizes 
the  length  of  the  parts  to  be  handled. 

2.  The  cartridge  is  relatively  safe.  In  the  absence  of 
propellant,  the  primer  and  booster  are  the  only  combus¬ 
tible  components  present. 

3.  The  propellant  is  loaded  separately  through  con¬ 
trol  valves  and  piping.  This  can  be  controlled  remotely 
if  necessary. 

4.  The  breech  is  closed  before  the  propellant  is 
charged  into  the  cartridge,  providing  additional  safety. 

EIGHTH  EMBODIMENT 

FIGS.  11  and  12  show  a  dry  loaded  uncased  car¬ 
tridge,  which  is  loaded,  locked,  filled  and  fired  in  a 
manner  similar  to  the  cased  cartridge  of  FIGS.  9  and  10. 
The  sabot  and  projectile  assembly  comprises  an  injector 
plate  300  having  a  peripheral  seal  302  and  a  plurality  of 
longitudinally  extending  rods  304  fixed  thereto  and 
respectively  journaled  through  bores  305  in  an  annulus 
306  which  has  a  peripheral  seal  307  and  an  axial  bore 
308  receiving  a  projectile  310.  A  stabilizing  ring  312  has 
a  like  plurality  of  bores  314  journaling  said  rods  304  and 
an  axial  bore  316  adapted  to  pass  the  projectile.  As 
shown  in  FIG.  13,  a  primer  and  booster  assembly  com¬ 
prises  a  sleeve  318  which  cemented  to  the  aft  face  of  the 
injector  plate  300.  The  sleeve  is  molded  of  solid  propel¬ 
lant,  of  sufficient  strength  to  provide  a  small  combus¬ 
tion  chamber  320  initially,  but  which  will  ultimately 
burn.  A  combustible  primer  322  is  fixed  in  a  cup  324  in 
the  exterior  of  the  base  of  the  sleeve  and  which  commu¬ 
nicates  by  a  passageway  326  with  the  combustion  cham¬ 
ber  320.  The  forward  end  of  the  sleeve  is  closed  with  a 
plug  328  which  may  be  cemented.  Radially  extending 
flame  passageways  330  are  provided  through  the  walls 
of  the  sleeve.  These  passageways  are  initially  closed,  as 
by  plugs,  being  only  partially  formed  through,  or  cov¬ 
ered  by  a  diaphragm.  Loose  powder  is  disposed  in  the 
combustion  chamber. 

The  length  of  the  primer  and  booster  assembly  is 
made  equal  to  the  length  of  the  combustion  chamber  of 
the  gun.  When  the  cartridge  is  chambered  and  the 
breech  is  locked,  the  primer  322  is  adjacent  the  face  332 
of  the  breech  block,  and  may  be  ignited  by  a  conven¬ 
tional  percussion  firing  pin  334,  or  electrical  firing 
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means.  The  primer  ignites  the  loose  powder  immedi¬ 
ately,  generating  hot  gases  which  rupture  the  flame 
passageway  closures  and  pass  into  the  combustion 
chamber.  The  molded  combustible  sleeve  burns  more 
slowly  than  the  loose  powder,  but  eventually  all  is  con-  5 
sumed.  The  hot  gas  initiates  the  regenerative  liquid 
propellant  injection  process  as  described  previously. 

The  dry-loaded  caseless  cartridges  have  the  follow¬ 
ing  advantages: 

1.  The  system  is  completely  combustible.  The  gun  10 
chamber  is  completely  empty  after  each  shot. 

2.  The  primary  system  is  an  integral  part  of  the  car¬ 
tridge  as  supplied  to  the  gun. 

3.  The  primary  system  may  be  fabricated  using  con¬ 
ventional  caseless  ammunition  technology.  15 

NINTH  EMBODIMENT 

FIG.  14  shows  a  recoiless  gun  embodiment  of  a  case¬ 
less  cartridge  similar  to  that  shown  at  FIG.  12.  The 
sabot  and  projectile  assembly  comprises  an  injector  20 
plate  400  having  a  peripheral  seal  402  and  a  plurality  of 
longitudinally  extending  rods  404  fixed  thereto  and 
respectively  journaled  through  bores  405  in  an  annulus 
406  which  has  a  peripheral  seal  400  and  an  axial  bore 
410  receiving  a  projectile  412.  A  stabilizing  ring  414  has  25 
a  like  plurality  of  bores  416  journaling  said  rods  404  and 
an  axial  bore  418  adapted  to  pass  the  projectile.  A  prim¬ 
ing  system  composing  a  sleeve  420  which  may  be 
molded  of  solid  propellant  is  cemented  to  the  aft  face  of 
the  injector  plate  400.  The  sleeve  has  radially  extending  30 
flame  passageways  422  which  are  initially  closed  and 
contains  loose  powder  which  may  be  ignited  by  an 
electrical  firing  system  424.  A  frangible  diaphragm  426 
is  cemented  to  the  aft  end  of  the  sleeve.  The  initial 
combustion  chamber  is  provided  within  the  sleeve,  and  35 
the  subsequent  combustion  chamber  is  defined  between 
the  injection  plate  and  the  diaphragm.  The  diaphragm  is 
adapted  to  burst  at  a  pressure  which  is  high  enough  to 
insure  that  initiating  combustion  has  been  achieved. 

The  gun  427  includes  suitable  ports  428  to  pass  liquid  40 
propellant  to  the  interface  between  the  injection  plate 
400  and  the  annulus  406.  The  gun  also  includes  a  con¬ 
verging/diverging  nozzle  430  in  lieu  of  the  conven¬ 
tional  closed  breech.  This  nozzle  may  be  of  the  type- 
shown,  for  example,  in  U.S.  Pat.  Nos.  2,444,949,  45 
2,696,760,  2,790,353  and  3,610,093.  The  nozzle  provides 
an  expansion  chamber  and  a  venturi  orifice  therein  to 
allow  a  sufficient  amount  of  the  combustion  gases  to 
expand  and  escape  re arwardly,  thereby  stabilizing  the 
gun  against  recoil.  The  nozzle  may  be  made  separable  50 
from  the  breech  to  permit  loading  of  the  cartridge.  FIG. 

14  shows  the  annulus  406  midway  in  its  forward  ad¬ 
vance  during  the  loading  with  liquid  propellant. 

TENTH  EMBODIMENT  55 

FIG.  15  shows  a  recoiless  gun  embodiment  of  a 
eased,  prelouded  cartridge.  The  cartridge  includes  a 
case  500  having  a  side  502.  a  shoulder  504,  a  neck  506 
and  a  base  plate  508  threaded  into  the  side  502.  A  pro¬ 
jectile  510  is  crimped  into  the  neck,  and  is  received  in  60 
the  firing  bore  512  of  the  gun.  The  base  plate  508  has 
central  bore  514  with  an  annular  seal  516  to  pass  the 
neck  518  of  a  tubular  injector  and  nozzle  assembly.  This 
assembly  includes  an  annular  injection  plate  520  having 
an  annular  seal  522  integral  with  the  forward  end  of  the  65 
neck  and  a  converging/diverging  nozzle  523  integral 
with  the  aft  end  of  the  neck.  A  frangible  diaphragm  524 
is  cemented  over  the  forward  end  of  the  tube  and  an 
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annular  priming  system  526  is  cemented  onto  the  dia¬ 
phragm.  The  priming  system  is  similar  to  a  torus  of 
square  cross-section,  having  flame  passageways,  loose 
powder,  and  an  electrical  firing  system  whose  leads 
may  be  brought  through  the  diaphragm  and  out  the 
bore  of  the  neck  and  the  nozzle  or  through  the  sidewall 
of  the  case.  Liquid  propellant  is  stored  in  the  chamber 
defined  by  the  base  plate  508,  the  injection  plate  520,  the 
side  502,  and  the  neck  518. 

This  embodiment  does  not  provide  a  traveling 
charge.  Ignition  of  the  priming  system  ruptures  the 
diaphragm  and  moves  the  injector  and  nozzle  assembly 
aft,  which  in  turn  provides  regenerative  pumping  for¬ 
wardly  of  the  liquid  propellant  through  the  passage¬ 
ways  of  the  injector  plate. 

ELEVENTH  EMBODIMENT 

FIG.  16  shows  a  recoiless  gun  embodiment  of  a  cased 
cartridge  employing  a  reaction  or  compensating  mass  of 
the  type  shown  in  U.S.  Pat.  No.  1,108,716.  This  embodi¬ 
ment  does  not  provide  a  traveling  charge.  In  its  simplest 
form,  the  gun  includes  a  firing  bore  600  open  at  both 
ends.  A  projectile  602  and  an  injector  and  reaction  mass 
assembly  are  secured  in  a  tubular  cartridge  case  603 
which  is  disposed  in  the  bore  600.  The  assembly  com¬ 
prises  a  solid  reaction  mass  604  having  a  peripheral  seal 
606  and  a  central  bore  with  an  annular  seal  607,  in 
which  is  journaled  a  rod  608  to  whose  forward  end  is 
fixed  an  injection  plate  610  having  a  peripheral  seal  612. 
A  priming  system  614  is  fixed  to  the  forward  face  of  the 
injection  plate.  The  priming  system  may  comprise  a 
sleeve  molded  of  combustible  material  with  flame  pas¬ 
sageways,  filled  with  loose  powder,  and  having  an  elec¬ 
trical  firing  means  which  may  be  brought  out  through 
the  rod  608.  Firing  is  initiated  by  hot  gases  generated  by 
the  priming  system  in  the  combustion  chamber  defined 
between  the  projectile  and  the  ignition  plate.  The  liquid 
propellant  is  stored  in  the  chamber  defined  between  the 
injection  plate  and  the  reaction  mass,  and  serves  as  part 
of  the  total  reaction  mass,  so  that  the  solid  mass  actually 
ejected  out  the  breech  of  the  gun  is  iess  than  required  by 
fixed,  solid  propellants.  In  a  caseless  embodiment,  not 
shown,  the  case  is  omitted  and  the  liquid  propellant  is 
injected  as  discussed  with  respect  to  FIG.  2B. 

It  is  contemplated  that  the  inventive  concepts  herein¬ 
above  described  may  be  variously  otherwise  embodied 
and  combined  without  departing  from  the  inventive 
principles  included  and  intended  to  be  covered  by  the 
appended  claims,  except  insofar  as  limited  by  the  prior 
art. 

What  is  claimed  is: 

1.  A  fixed  round  of  ammunition  comprising 
a  cartridge  case  including  a  tubular  side  wall  having 
an  open  forward  end  and  a  closed  base  end,  and  a 
gas  generating  means  supported  by  said  base  end; 
a  relatively  high  mass  projectile  means  disposed 
within  and  obturating  said  open  end  of  said  case; 
a  relatively  low  mass  piston  means  disposed  within 
said  case  longitudinally  spaced  from  and  aft  of  said 
projectile  means  and  journaled  for  longitudinal 
movement  in  said  case,  and  having 
an  aft  face  of  relatively  large  cross-sectional  area 
and  a  forward  face  of  relatively  small  cross-sec¬ 
tional  area, 

a  passageway  therethrough  communicating  be¬ 
tween  said  aft  and  forward  faces  of  said  piston 
means,  and 
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pressure  sensitive  obturating  means  for  obturating 
said  passageway  and  for  opening  said  passage¬ 
way  upon  a  predetermined  pressure  being  pro¬ 
vided  on  said  forward  face; 

said  gas  generating  means  disposed  aft  of  said  piston 
means; 

said  piston  means  coupled  to  said  projectile  means  for 
joint  longitudinal  displacement  with  respect  to  said 
case  and  for  relative  longitudinal  displacement 
with  respect  to  said  projectile  means  upon  func¬ 
tioning  of  said  gas  generating  means. 

2.  A  fixed  round  of  ammunition  according  to  claim  1 
wherein: 

said  projectile  means  has  an  aft  face  within  said  car¬ 
tridge  case; 

said  tubular  side  wall  of  said  cartridge  case  has  a  bore 
therethrough  communicating  to  the  forward  inter¬ 
ior  face  of  said  base  end  of  said  case  and  said  aft 
face  of  said  projectile  means. 

3.  A  fixed  round  of  ammunition  according  to  claim  1 
wherein: 

said  passageway  has  the  characteristic  of  atomizing 
liquid  propellant  passing  therethrough  and  out  said 
aft  face  of  said  piston  means. 

4.  A  fixed  round  of  ammunition  according  to  claim  1 
further  including: 

a  plurality  of  longitudinally  extending  alignment  rods 
disposed  in  a  transverse  annular  row,  each  fixed  to 
one  member  of  said  group  consisting  of  said  piston 
means  and  said  projectile  means,  and  journaled  for 
relative  longitudinal  movement  with  respect  to  the 
other  member  of  said  group. 

5.  A  fixed  round  of  ammunition  according  to  claim  1 
wherein: 

the  internal  diameter  of  the  aft  portion  of  said  side 
wall  of  said  cartridge  case  is  equal  to  the  diameter 
of  said  piston  means,  and 

the  internal  diameter  of  the  forward  portion  of  said 
side  wall  is  greater  than  said  dirmeter  of  said  piston 
means,  thereby,  when  said  piston  means  is  in  said 
forward  portion  of  said  case,  providing  an  annular 
gap  between  said  piston  means  and  said  side  wall. 

6.  A  fixed  round  of  ammunition  according  to  claim  1 
further  including: 

resilient  stop  means  disposed  in  said  cartridge  case  for 
resilicntly  limiting  aftward  movement  of  said  pis¬ 
ton  in  said  cartridge  case. 

7.  A  fixed  round  of  ammunition  according  to  claim  1 
wherein: 

said  projectile  means  comprises  a  relatively  low  mass 
sabot  supporting  a  relatively  high  mass  projectile, 
said  sabot  sealing  said  open  end  of  said  case. 

8.  A  fixed  round  of  ammunition  according  to  claim  1 
wherein: 

a  quantity  of  liquid  propellant  is  disposed  and  sealed 
within  a  chamber  defined  by  said  case,  said  piston 
means  and  said  projectile  means. 

9.  A  fixed  round  of  ammunition  according  to  claim  8 
wherein: 

said  passageway  has  the  characteristic  of  atomizing 
liquid  propellant  passing  therethrough  and  out  said 
aft  face  of  said  piston  means. 

10.  A  fixed  round  of  ammunition  according  to  claim 
1  further  including: 

a  plurality  of  longitudinally  extending  alignment 
tubes  disposed  in  a  transverse  annular  row,  each 
tube  having  an  aft  end  fixed  to  said  piston  means 
and  open  to  the  aft  face  <  f  said  piston  and  closed  at 
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its  forward  end,  and  journaled  through  a  like  plu¬ 
rality  of  longitudinal  bores  disposed  in  a  transverse 
annular  row  in  said  projectile  means. 

11.  A  fixed  round  of  ammunition  according  to  claim 
10  wherein: 

said  projectile  means  comprises  a  relatively  low  mass 
sabot  supporting  a  relatively  high  mass  projectile, 
said  sabot  sealing  said  open  end  of  said  case  and 
having  said  bores  in  which  are  journaled  said  tubes. 

12.  A  fixed  round  of  ammunition  according  to  claim 
1  wherein: 

the  internal  diameter  of  the  aft  portion  of  said  side 
wall  of  said  cartridge  case  is  equal  to  the  diameter 
of  said  piston  means,  and 

the  forward  portion  of  said  cartridge  case  includes  a 
plurality  of  annular  compartments,  each  inwardly 
open  and  defining  a  central  bore  through  which 
said  piston  means  passes. 

13.  A  fixed  round  of  ammunition  according  to  claim 
12  further  including: 

a  quantity  of  liquid  propellant  disposed  within  said 
annular  compartments. 

14.  A  fixed  round  of  ammunition  comprising: 

a  cartridge  case  having  a  side  wall  defining  a  tube; 
a  base,  having  a  relatively  low  mass,  closing  the  aft 
end  of  said  tube,  and  having  an  interior  forward 
face  and  an  exterior  aft  face, 
a  gas  generating  means  communicating  with  said  aft 
face  of  said  base, 

a  projectile  means,  having  a  relatively  high  mass, 
disposed  at  least  in  part  within  said  tube  and  obtu¬ 
rating  the  forward  end  of  said  tube 
said  base  serving  as  a  differential  piston  means  mov¬ 
able  along  said  tube  towards  said  projectile  means, 
and  its  aft  face  having  a  relatively  large  cross-sec¬ 
tional  area  and  its  forward  face  having  a  relatively 
small  cross-sectional  area, 

said  base  having  a  passageway  therethrough  commu¬ 
nicating  between  said  aft  and  forward  faces  of  said 
base,  and 

pressure  sensitive  obturating  means  for  obturating 
said  passageway  and  for  opening  said  passageway 
upon  a  predetermined  pressure  being  provided  on 
said  forward  face  of  said  base. 

15.  A  fixed  round  of  ammunition  according  to  claim 
14  wherein: 

a  quantity  of  liquid  propellant  is  disposed  within  said 
case  and  sealed  between  said  piston  means  and  said 
projectile  means. 

16.  A  fixed  round  of  ammunition  according  to  claim 
14  wherein: 

said  passageway  has  the  characteristic  of  atomizing 
liquid  propellant  passing  therethrough  and  out  said 
aft  face  of  said  piston  means. 

17.  A  fixed  round  of  ammunition  according  to  claim 
14  wherein: 

said  projectile  means  has  an  aft  face  within  said  case; 
said  side  wall  of  said  case  has  a  bore  therethrough 
communicating  to  said  forward  face  of  said  base 
and  said  aft  face  of  said  projectile  means. 

18.  A  fixed  round  of  ammunition  according  to  claim 
17  wherein: 

said  passageway  has  the  characteristic  of  atomizing 
liquid  propellant  passing  therethrough  and  out  said 
aft  face  of  said  piston  means. 

19.  A  fixed  round  of  ammunition  comprising: 
a  side  wall  defining  a  tube, 
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a  base,  having  a  relatively  low  mass,  closing  the  aft 
end  of  said  tube,  and  having  an  interior  forward 
face  and  an  exterior  aft  face, 
a  gas  generating  means  communicating  with  said  aft 
face  of  said  base,  3 

a  projectile  means,  having  a  relatively  high  mass, 
disposed  at  least  in  part  within  said  tube  and  obtu¬ 
rating  the  forward  end  of  said  tube, 
said  base  serving  as  a  differential  piston  means  mov¬ 
able  along  said  tube  towards  said  projectile  means,  10 
and  its  aft  face  having  a  relatively  large  cross-sec¬ 
tional  area  and  its  forward  face  having  a  relatively 
small  cross-sectional  area, 

said  base  having  a  passageway  therethrough  commu¬ 
nicating  between  said  aft  and  forward  faces  of  said  15 
base,  and 

pressure  sensitive  obturating  means  for  obturating 
said  passageway  and  for  opening  said  passageway 
upon  a  predetermined  pressure  being  provided  on 
said  forward  face  of  said  base.  20 

20.  A  fixed  round  of  ammunition  according  to  claim 

19  wherein: 

said  side  wall  is  part  of  a  cartridge  case. 

21.  A  fixed  round  of  ammunition  according  to  claim 

19  wherein: 

said  projectile  means  includes  a  sabot  supporting  a 
projectile. 

22.  A  fixed  round  of  ammunition  according  to  claim 

19  further  including:  30 

a  plurality  of  longitudinally  extending  tubes,  each 
having  a  longitudinally  extending  bore  therein, 
each  tube  being  fixed  at  its  aft  end  to  said  base  and 
journaled  at  its  forward  end  through  a  correspond¬ 
ing  longitudinally  extending  bore  in  said  projectile  35 
means,  the  aft  end  of  each  said  bore  being  open  to 
said  aft  face  of  said  bore,  the  forward  end  of  each 
said  bore  being  closed. 

23.  A  fixed  round  of  ammunition  according  to  claim 

22  wherein:  40 

said  projectile  means  includes  a  sabot  supporting  a 
projectile,  and  said  bores,  in  which  are  journaled 
said  tubes,  are  provided  in  said  sabot. 

24.  A  fixed  round  of  ammunition  according  to  claim 

19  further  including:  45 

a  plurality  of  rods  coupled  to  and  between  said  pro¬ 
jectile  means  and  said  base,  for  guiding  said  base 
for  relative  movement  towards  said,  projectile 
means. 

25.  A  fixed  round  of  ammunition  according  to  .*!aim  50 

24  wherein: 

each  of  said  rods  is  fixed  to  said  base  and  is  journaled 
through  a  corresponding  bore  in  said  projectile 
means. 

26.  A  fixed  round  of  ammunition  according  to  claim  55 

25  wherein: 


sr'.d  projectile  means  includes  a  sabot  supporting  a 
projectile,  and  said  bores,  in  which  are  journaled 
said  rods,  are  provided  in  said  sabot. 

27.  A  weapon  system  comprising:  60 

a  gun;  and 

a  round  of  ammunition; 

said  gun  having  a  firing  bore  closed  by  a  breech  face; 
and 

said  round  of  ammunition  is  disposed  in  said  firing  65 
bore  adjacent  said  breech  face; 
said  round  of  ammunition  including  a  gas  generating 
means  disposed  adjacent  said  breech  face; 
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a  relatively  high  mass  projectile  means  disposed 
within  and  obturating  said  open  end  of  said  bore; 

a  relatively  low  mass  differential  piston  means  dis¬ 
posed  within  said  firing  bore  longitudinally  spaced 
from  and  aft  of  said  projectile  means  and  journaled 
for  longitudinal  movement  in  said  firing  bore,  and 
having 

an  aft  face  of  relatively  large  cross-sectional  area 
and  a  forward  face  relatively  small  cross-sec¬ 
tional  area, 

a  passageway  therethrough  communicating  be¬ 
tween  said  aft  and  forward  faces  of  said  piston 
means,  and 

pressure  sensitive  obturating  means  for  obturating 
said  passageway  and  for  opening  said  passage¬ 
way  upon  a  predetermined  pressure  being  pro¬ 
vided  on  said  forward  face; 

said  gas  generating  means  providing  gas  aft  of  said 
piston  means; 

said  piston  means  coupled  to  said  projectile  means  for 
joint  longitudinal  displacement  with  respect  to  said 
firing  bore  and  for  relative  longitudinal  displace¬ 
ment  with  respect  to  said  projectile  means  upon 
functioning  of  said  gas  generating  means. 

28.  A  weapon  system  according  to  claim  27  wherein: 

said  gun  includes  means  for  providing  liquid  propel¬ 
lant  to  said  round  of  ammunition  in  said  firing  bore 
between  said  projectile  means  and  said  piston 
means. 

29.  A  weapon  system  according  to  claim  28  wherein: 

said  passageway  has  the  characteristic  of  atomizing 

liquid  propellant  passing  therethrough  and  out  said 
aft  face  of  said  piston  means. 

30.  A  weapon  system  according  to  claim  27  further 
including: 

a  plurality  of  longitudinally  extending  alignment  rods 
disposed  in  a  transverse  annular  row,  each  fixed  to 
one  member  of  said  group  consisting  of  said  piston 
means  and  said  projectile  means,  and  journaled  for 
relative  longitudinal  movement  with  respect  to  the 
other  member  of  said  group. 

31.  A  weapon  system  according  to  claim  27  wherein: 

said  projectile  means  comprises  a  relatively  low  mass 

sabot  supporting  a  relatively  high  mass  projectile, 
said  sabot  sealing  said  open  end  of  said  bore. 

32.  A  weapon  system  according  to  claim  27  further 
including: 

a  plurality  of  longitudinally  extending  alignment 
tubes  disposed  in  a  transverse  annular  row,  each 
tube  having  an  aft  end  fixed  to  said  piston  means 
and  open  to  the  aft  face  of  said  piston  and  closed  at 
its  forward  end,  and  journaled  through  a  like  plu¬ 
rality  of  longitudinal  bores  disposed  in  a  transverse 
annular  row  in  said  projectile  means. 

33.  A  weapon  system  according  to  claim  32  wherein: 

said  projectile  means  comprises  a  relatively  low  mass 

sabot  supporting  a  relatively  high  mass  projectile, 
said  sabot  sealing  said  open  end  of  said  case  and 
having  said  bores  in  which  are  journaled  said  tubes. 

34.  A  weapon  system  according  to  claim  27  further 
including: 

container  means  for  containing  a  volume  of  liquid 
between  and  in  contact  with  said  forward  face  of 
said  piston  means  and  said  aft  face  of  said  projectile 
means;  and 

a  charge  of  liquid  propellant  disposed  within  said 
container  means. 

35.  A  weapon  system  according  to  claim  34  wherein: 
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said  passageway  has  the  characteristic  of  atomizing 
liquid  propellant  passing  therethrough  and  out  said 
aft  face  of  said  piston  means. 

36.  A  weapon  system  according  to  claim  34  wherein: 

said  container  means  is  a  cartridge  case,  and  ' 

the  internal  diameter  of  the  aft  portion  of  said  side 

wall  of  said  cartridge  case  is  equal  to  the  diameter 
of  said  piston  means,  and 

the  internal  diameter  of  the  forward  portion  of  said  1Q 
side  wall  is  greater  than  said  diameter  of  said  piston 
means,  thereby,  when  said  piston  means  is  in  said 
forward  portion  of  said  case,  providing  an  annular 
gap  between  said  piston  means  and  said  side  wall. 

37.  A  weapon  system  according  to  claim  34  wherein:  is 
said  container  means  is  a  cartridge  case,  and  includ¬ 
ing: 
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resilient  stop  means  disposed  in  said  cartridge  case  for 
resiliently  limiting  aftward  movement  of  said  pis¬ 
ton  in  said  cartridge  case. 

38.  A  weapon  system  according  to  claim  34  wherein: 

said  container  means  is  a  cartridge  case,  and 

the  internal  diameter  of  the  aft  portion  of  said  side 
wall  of  said  cartridge  case  is  equal  to  the  diameter 
of  said  piston  means,  and 

the  forward  portion  of  said  cartridge  case  includes  a 
plurality  of  annular  compartments,  each  inwardly 
open  and  defining  a  central  bore  through  which 
said  piston  means  passes. 

39.  A  weapon  system  according  to  claim  38  further 
including: 

a  quantity  of  liquid  propellant  disposed  within  said 
annular  compartments. 
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LIQUID  PROPELLANT  WEAPON  SYSTEMS 

This  application  is  a  division  of  Ser.  No.  469,507,  filed 
May  13,  1974,  now  abandoned. 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  weapon  systems  employing 
a  liquid  propellant,  and  particularly  to  such  systems 
wherein  the  propellant  is  continuously  pumped  into  the 
combustion  chamber  as  the  projectile  advances  along 
the  firing  bore. 

2.  Prior  Art 

Weapons  systems  providing  traveling  charge  effects 
on  projectiles,  or  rockets,  or  other  related  systems,  are 
shown,  for  example,  in  U.S.  Pat.  Nos.  3,431,816; 
3,411,403;  3,459,101;  3,496,827;  3,601,056;  3,613,499; 
3,628,457;  3,648,616;  3  665,803;  3,696,749;  3,698,321; 
3,712,171;  and  3,728,937.  In  a  final  report  for  the  Bureau 
of  Ordnance,  Department  of  the  Navy,  under  Contract 
NOrd  16217  Task  1,  dated  Sept.  1,  1957,  work  was 
described  on  a  propellant  carrying  projectile.  ‘‘This 
projectile  contained  approximately  100  grams  of  a  hy¬ 
drazine,  hydrazine  nitrate,  water  monopropellant  (63. 
32,  and  5%  by  weight  respectively).  Upon  ignition  of 
the  primary  bipropellant  charge  in  the  breech,  regener¬ 
ative  injection  of  the  bipropellants  progresses  in  the 
usual  manner,  and  the  projectile  is  accelerated.  The 
accelerating  forces  upon  the  projectile  components  are 
so  adjusted  as  to  produce  relative  motion  between  the 
projectile  body  and  the  center  plunger.  This  motion 
expels  the  extrapped  monopropellant  rearward  past  the 
fragile  seal  disk  into  the  hot  combustion  chamber  gases, 
where  it  burns  while  the  projectile  is  accelerated."  The 
projectile  apparently  comprised  a  forward  solid  cylin¬ 
drical  projectile  whose  outer  wall  engaged  the  inner 
wall  of  the  firing  bore,  an  intermediate,  longitudinally 
central  rod  journaled  through  a  bore  in  the  projectile, 
and  an  aft  scaling  disk  fixed  to  the  rod  and  whose  pe¬ 
riphery  engaged  the  inner  wall  of  the  firing  bore.  The 
monopropellant  was  trapped  between  the  forward  cy¬ 
lindrical  projectile  and  the  aft  disk  within  the  firing 
bore.  Solid  primary  charges  were  also  used  in  lieu  of 
liquid  primary  charges.  A  separate  static  sealing  disk 
was  also  used  in  lieu  of  the  peripheral  seal  on  the  aft 
sealing  disk.  „ 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  this  invention  to  provie  a  gun  and 
ammunition  system  for  launching  rod-shaped  projec¬ 
tiles  at  high  velocity. 

It  is  an  additional  object  to  provide  such  a  system 
utilizing  liquid  propellants. 

A  feature  of  this  invention  is  the  provision  of  a  gun 
and  ammunition  system  utilizing  a  round  of  ammunition 
which  contains  a  supply  of  liquid  propellant  and  after 
ignition  pumps  this  propellant  into  the  combustion 
chamber  of  the  gun. 

An  additional  feature  of  this  invention  is  the  provi¬ 
sion  of  a  gun  and  ammunition  system  utilizing  a  round 
of  ammunition  carrying  a  relatively  narrow  diameter 
and  relatively  high  mass  projectile  in  a  relatively  wide 
and  relatively  low  mass  sabot,  which  is  initially  acceler¬ 
ated  by  a  primary  propellant  charge  in  the  combustion 
chamber  aft  of  the  projectile  and  which  is  subsequently 
accelerated  by  a  secondary  propellant  charge  in  the 
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round  which  is  passed  during  a  relatively  extended 
period  of  time  to  the  combustion  chamber. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

5  These  and  other  objects,  features  and  advantages  of 
this  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  1  is  a  view  in  longitudinal  cross-section  of  an 
10  idealized  round  of  ammunition  having  a  sabot  and  a 
system  to  regeneratively  pump  liquid  propellant,  the 
round  is  here  shown  in  its  telescoped,  minimum  length 
configuration,  without  liquid  propellant; 

FIGS.  2A  through  E  respectively  illustrate,  within 
15  the  gun  bore,  the 

A.  before  charging  with  liquid  propellant  configura¬ 
tion, 

B.  after  charging  with  liquid  propellant  and  ready  for 
initiation  of  the  primer  configuration, 

20  C.  shortly  after  initiation  and  commencement  of  in¬ 
jection  of  liquid  propellant  into  the  combustion 
chamber  configuration, 

D.  midbore  configuration,  and 

E.  bore  exiting  and  sabot  stripping  configuration, 

25  in  the  sequence  of  operations  of  the  round  of  FIG.  1. 

FIG.  3  is  a  view  in  longitudinal  cross-section  of  a 
second  embodiment  of  this  invention; 

FIG.  4  is  a  view  in  longitudinal  cross-section  of  a 
third  embodiment  of  this  invention; 

30  FIG.  4u  is  a  detail  of  a  variant  of  the  embodiment 
shown  in  FIG  4; 

FIGS.  5  and  6  are  views  in  longitudinal  cross-section 
of  a  fourth  embodiment  of  this  invention; 

FIG.  7  is  a  view  in  longitudinal  cross-section  of  a  fifth 
35  embodiment  of  this  invention; 

FIG.  8  is  a  view  in  longitudinal  cross-section  of  a 
sixth  embodiment  of  this  invention; 

FIGS.  9  and  10  are  views  in  longitudinal  cross-sec¬ 
tion  of  a  seventh  embodiment  of  this  invention; 

40  FIGS.  11,  12  and  13  are  views  in  longitudinal  cross- 
section  of  an  eighth  embodiment  of  this  invention; 

FIG.  14  is  a  view  in  longitudinal  cross-section  of  a 
ninth  embodiment  of  this  invention; 

FIG.  15  is  a  view  in  longitudinal  cross-section  of  a 
45  tenth  embodiment  of  this  invention;  and 

FIG.  16  is  a  view  in  longitudinal  cross-section  of  an 
eleventh  embodiment  of  this  invention. 

DESCRIPTION  OF  THE  EMBODIMENTS 

50  Rod  shaped  penetrators  launched  at  high  velocities 
from  medium  caliber  guns  are  effective  against  some 
types  of  armor.  Since  rod  penetrators  are  characteristi¬ 
cally  long  and  thin,  sabot  launching  techniques  are 
conventionally  employed.  The  sabot  in  this  case  is  es- 
55  sentially  a  light  weight  piston  of  diameter  larger  than 
the  penetrator,  and  which  supports  the  heavier  penetra- 
tor.  In  the  launching  or  firing  process,  the  combustion 
gas  acts  against  the  area  of  the  full  diameter  of  the  sabot, 
rather  than  against  the  rod  alone,  in  accelerating  the 
60  two  in  combination. 

Liquid  propellants  have  several  desirable  characteris¬ 
tics,  such  as  relatively  low  flame  temperature  and  ease 
of  storage  and  handling.  A  major  problem  in  the  use  of 
liquid  propellants  lies  in  the  control  of  the  ballistic  pro- 
65  cess  in  the  combustion  chamber.  Propellant  can  he  ei¬ 
ther  placed  in  the  chamber  before  firing  and  then  be 
ignited;  or  it  can  be  metered  into  the  chamber  during 
the  combustion  process.  The  last  mentioned,  sometimes 
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called  preloading,  is  easier  to  do  mechanically,  but  per¬ 
mits  little  control  over  burning  after  ignition.  U.S.  Pat. 
No.  3,763,739  issued  to  D.  P.  Tassie  on  Oct.  9,  1973, 
discloses  a  gun  system  of  this  type.  The  second  men¬ 
tioned,  sometimes  called  forced  injection,  permits  con-  5 
trol  over  the  rate  of  burning  through  control  over  the 
rate  of  introduction  of  the  propellant,  but  involves  ex¬ 
tremely  high  pumping  pressures.  Such  high  pressures 
pose  stringent  requirements  on  seals,  fittings  and  struc¬ 
tural  components.  If  the  energy  for  forced  injection  is  to  10 
be  supplied  from  an  external  source,  the  power  require¬ 
ments  are  very  high.  For  example,  the  power  required 
to  pump  three  cubic  inches  of  propellant  across  a  pres¬ 
sure  drop  of  10,000  psi  in  20  milliseconds  is  227  hp.  This 
can  be  averaged  over  a  larger  period  in  an  actual  gun  to  IS 
lower  the  peak  value,  but  the  power  requirement  is  still 
unreasonable. 

An  effective  solution  to  the  power  requirement  for 
pumped  injection  is  to  utilize  the  combustion  chamber 
pressure  itself  as  the  source  of  energy  for  pumping.  20 
Called  regenerative  injection,  this  scheme  uses  a  differ¬ 
ential  area  piston  for  each  propellant.  The  larger  end  of 
the  piston  is  acted  on  by  the  chamber  pressure,  and  the 
smaller  end  pressurizes  the  propellant  to  be  injected. 
The  difference  in  areas  generates  a  propellant  pressure  25 
sufficiently  higher  than  the  chamber  pressure  to  achieve 
the  desired  rate  of  injection. 

FIRST  EMBODIMENT 

Turning  now  to  FIG.  1,  a  first  embodiment  of  the 
invention  is  shown  as  an  idealized  round  of  ammunition 
having  a  sabot  and  regenerative,  liquid  propellant 
pumping  system,  for  use  in  a  gun  which  will  fill  the 
round  with  propellant  before  firing.  The  penetrator  10 
is  here  shown  as  a  rod  which  upon  launching  will  be 
drag  stabilized.  The  sabot  is  a  three  piece  assembly, 
comprising  an  annular  nose  stabilizer  12  fixed  to  the 
forward  end  of  the  penetrator,  a  circular  pusher-plate 
14  fixed  to  the  aft  end  of  the  penetrator,  and  a  cylindri¬ 
cal  body  16.  The  body  16  has  an  internal  bore  18  closed 
at  its  aft  end  20,  which  bore  receives  the  plate  14.  The 
aft  end  20  serves  as  an  injector  plate  and  has  a  plurality 
of  longitudinal  bore  22  therethrough  serving  as  injec¬ 
tion  passageways.  Each  bore  is  obturated  by  a  respec¬ 
tive  plug  24.  An  aft  recess  26  receives  a  primary  propel¬ 
lant  charge,  here  shown  as  a  solid  primer  28.  One  or 
more  substantially  radially  oriented  bores  30  pass 
through  the  side  wall  32  of  the  body  into  the  interface 
between  the  plate  20  and  the  plate  14,  to  serve  as  propel¬ 
lant  fill  passageways.  An  annular  seal  34  is  provided  on 
the  periphery  of  the  plate  14,  and  a  pair  of  annular  seals 
36  are  provided  on  the  periphery  of  the  body  16  strad¬ 
dling  the  fill  passageways. 

The  plugs  24  may  be  embodied  as  relief  valves,  indi¬ 
vidual  plugs,  a  burst  diaphragm  fixed  to  the  forward 
face  of  the  injector  plate,  or  simply  portions  of  the  bore 
material  not  fully  drilled  through,  all  of  which  will 
shear  or  open  at  the  desired  pressure  level. 

The  penetrator  and  sabot  assembly  may  be  preloaded 
with  liquid  propellant  through  the  fill  passageways, 
which  are  then  plugged,  before  being  placed  in  the  gun. 
Alternatively,  the  assembly  may  be  placed  in  the  firing 
bore  40  of  the  gun  and  then  loaded  with  propellant.  The 
actual  firing  process  is  the  same  for  each  scheme,  and 
loading  within  the  gun  will  be  discussed  with  respect  to 
FIGS.  2A  through  2C. 

As  shown  in  FIG.  2A,  the  penetrator  and  sabot  as¬ 
sembly,  still  without  its  propellant  charge,  has  been 


4 

placed  into  the  breech  of  a  gun  barrel  and  the  breech 
has  been  closed.  The  fill  passageways  30  are  aligned 
with  suitable  fill  ports  31  in  the  breech  wall  of  the  gun, 
such  as  are  shown  in  U.S.  Pat.  No.  3,763,739,  supra, 
which  must  incorporate  high  pressure  fill  valves  or 
check  valves  which  can  withstand  firing  pressure. 
These  passageways  serve  as  means  for  providing  liquid 
propellant  to  the  round  of  ammunition  in  the  firing 
bore.  > 

As  shown  in  FIG.  2B,  propellant  is  pumped  into  the 
interface  between  the  injector  plate  20  and  the  pusher 
plate  14,  progressively  pushing  the  pusher  plate  for¬ 
ward  within  the  bore  18  to  create  an  injection  volume 
42  which  receives  a  complete  charge.  Stops  can  be 
provided  to  halt  the  forward  advance  of  the  nose  stabi¬ 
lizer,  or  preferably,  the  charge  can  be  metered.  The 
round  is  shown  fully  charged  and  ready  for  firing. 

As  shown  in  FIG.  2C,  firing  is  initiated  by  setting  off 
the  primer,  which  rapidly  generates  a  small  volume  of 
high  pressure,  hot  gas  in  the  space  43  aft  of  the  injector 
plate  which  serves  as  the  combustion  chamber.  This 
high  pressure  aft  of  the  loaded  round  produces  an  im¬ 
mediate  acceleration  of  the  complete  round.  The  over¬ 
all  force  producing  the  acceleration,  which  force  is 
equal  to  the  chamber  pressure  times  the  chamber  cross- 
sectional  area,  is  exerted  against  the  aft  face  of  the  injec¬ 
tor  plate.  The  penetrator  and  sabot  assembly  has  a  rela¬ 
tively  high  weight  relative  to  the  weight  of  the  body  16 
with  a  correspondingly  relatively  high  inertia.  A  por¬ 
tion  of  the  accelerating  force  is  absorbed  in  accelerating 
the  body  16  per  se,  but  the  remainder  of  the  accelerating 
force  is  transmitted  by  the  forward  surface  of  the  injec¬ 
tor  plate  against  the  charge  of  liquid  propellant.  The 
resultant  pressure  developed  in  the  liquid  is  the  trans¬ 
mitted  force  divided  by  the  liquid  or  injection  volume 
cross-sectional  area.  When  the  ratio  of  the  areas  of  the 
aft  face  of  injector  plate  and  the  injection  volume,  and 
the  body  weight  and  the  total  round  weights  are  prop¬ 
erly  predetermined,  a  liquid  pressure  will  be  generated 
which  is  higher  than  the  chamber  pressure  as  follows: 


where 

Pl  is  liquid  pressure, 

Pc  >s  chamber  pressure, 

Acis  chamber  area, 

Al  is  liquid  area, 

WB  is  body  weight,  and 

Wtx) 7-is  the  sum  of  the  body,  the  liquid  and  the  pene¬ 
trator  and  sabot  assembly  weights. 

The  difference  between  the  two  pressures  P/.  and  Pc 
is  the  driving  force  which  can  be  utilized  for  regenera¬ 
tive  injection. 

The  plugs  24  are  designed  to  open  at  a  predetermined 
difference  in  pressure  between  the  interior  volume  and 
the  combustion  chamber.  These  plugs  serve  as  a  pres¬ 
sure  sensitive  obturating  means.  As  shown  in  FIG.  2C, 
when  this  difference  is  reached,  the  plugs  will  open  and 
propellant  will  flow  into  the  chamber.  The  injection 
passageways  22  serve  to  atomize  or  break  up  the  propel¬ 
lant  streams  through  techniques  similar  to  those  used  in 
rocket  injector  design.  As  the  propellant  streams  ini¬ 
tially  encounter  the  hot  primer  gases  they  ignite,  gener¬ 
ating  more  hot  gas.  Incoming  propellant  continues  to 
ignite  and  the  process  becomes  self  sustaining,  and  gen- 
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erates  increasing  chamber  pressure,  which  accelerates 
the  process.  The  process  continues  until  the  propellant 
is  expended.  Meanwhile,  the  whole  round  is  being  ac¬ 
celerated  along  the  bore  by  what  is  in  effect,  a  traveling 
charge.  FIG.  2D  shows  the  round  at  mid-bore  length  5 
with  the  propellant  partially  expended. 

As  the  round  leaves  the  muzzle,  the  sabot  fore  and  aft 
supports  are  stripped  from  the  penetrator  which  contin¬ 
ues  on  its  course.  FIG.  2E  shows  the  nose  stabilizer  12 
acting  under  wind  forces  to  open  the  body  16  and  free  10 
the  penetrator. 

The  entire  body  16  is  here  shown  as  engaging  the 
rifling  of  the  bore  40  to  provide  spin  to  the  entire  round 
if  a  spin  stabilized  projectile  is  used.  Alternatively  a 
lesser  annular  portion  of  the  body  may  engage  the  ri-  15 
fling. 

SECOND  EMBODIMENT 

Frictional  forces  are  developed  between  the  body  16 
and  the  interior  wall  of  the  bore  40  as  the  round  is  20 
launched,  which  are  a  function  of  the  materials  of  the 
body  16  and  the  bore  40  of  the  gun  barrel.  An  alterna¬ 
tive  embodiment  which  minimizes  such  frictional  forces 
is  shown  in  FIG.  3. 

The  penetrator  50  is  here  shown  as  a  rod  which  is  25 
stabilized  by  a  plurality  of  fins  52.  The  sabot  is  a  three 
piece  assembly  comprising  an  annular  nose  stabilizer  54 
fixed  to  the  forward  end  of  the  penetrator,  a  circular 
pusher-plate  56  fixed  to  the  aft  end  and  an  injection 
plate  58  having  a  plurality  of  forwardly,  longitudinally  30 
extending,  integral  rods  60.  The  pusher  plate  56  has  a 
like  plurality  of  longitudinal  bores  62  with  respective 
annular  seals  64  each  passing  a  respective  one  of  the 
rods  60.  The  injector  plate  58  also  has  a  plurality  of 
longitudinal  bores  66  therethrough  each  obstructed  by  a  35 
respective  plug  68,  and  an  aft  recess  70  receiving  a 
primary  propellant  charge  72,  all  similar  to  the  embodi¬ 
ment  of  FIG.  I.  These  plugs  68  serve  as  a  pressure 
sensitive  obturating  means.  An  annular  seal  74  is  pro¬ 
vided  in  the  periphery  of  the  injector  plate,  and  an  40 
annular  seal  76  is  provided  in  the  periphery  of  the 
pusher  plate.  This  penetrator  and  sabt  .  assembly  is 
disposed  in  the  gun  for  filling  with  propellant  with  the 
fill  ports  in  the  breech  wall  of  the  gun  aligned  with  the 
interface  between  the  injection  plate  and  the  pusher  45 
plate. 

The  use  of  the  rods  60  upon  which  the  pusher  plate 
can  slide  permits  the  omission  of  the  body  structure,  so 
that  only  the  peripheries  of  the  pusher  plate,  the  injector 
plate  and  the  stabilizer  need  contact  the  wall  of  the  50 
barrel  bore  40.  The  liquid  propellant  is  contained  be¬ 
tween  the  pusher  plate,  the  injector  plate  and  the  wall  of 
the  barrel  bore.  The  necessary  differential  in  areas  is 
provided  by  the  total  cross-sectional  areas  of  the  rods . 
60.  The  rods  provide  an  added  advantage  in  the  sabot  55 
stripping  phase  of  the  launching  cycle  as  they  are  rela¬ 
tively  weaker  and  therefore  easier  to  deflect  radially 
outwardly  than  the  equivalent  cylindrical  body  16. 

Both  of  the  embodiments  described  above  provide 
the  following  advantages: 

1.  Controlled  injection  is  achieved  through  regenera¬ 
tive  pumping  action; 

2.  The  inertia  of  the  projectile  itself  is  the  source  of 
the  pumping  force; 

3.  The  injection  mechanism  is  incorporated  into  the  65 
penetrator  and  sabot  assembly,  with  very  little 
effect  on  the  gun  design; 

4.  A  traveling  charge  effect  is  achieved; 
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5.  The  injection  system  and  high  pressure  seals  are 
used  only  once  for  each  shot  and  are  then  dis¬ 
carded. 

6.  The  sabot  and  projectile  assemblies  may  be  stored 
and  transported  as  essentially  inert,  considering  the 
primer  to  be  relatively  insignificant.  The  assemblies 
do  not  become  active  until  the  introduction  of  the 
propellant.  This  can  be  delayed  until  after  cham¬ 
bering  and  locking  in  the  gun. 

The  specification  so  far  has  dealt  with  idealized  pro¬ 
jectile  and  sabot  assemblies  and  their  launching  tech¬ 
niques.  Cartridges  embodying  such  assemblies  may  be 
provided  in  at  least  several  different  configurations. 

THIRD  EMBODIMENT 

FIG.  4  shows  the  simplest  pre-filled  cartridge  case 
embodiment.  The  projectile  and  sabot  assembly  are 
crimped  into  a  cartridge  case  100.  The  assembly  com¬ 
prises  a  forward  annulus  102  which  serves  as  a  pusher 
plate  and  has  a  central  bore  104  receiving  a  spin  stabi¬ 
lized  projectile  106  and  a  plurality  of  bores  108  disposed 
in  an  annular  row,  each  receiving  a  respective  one  of  a 
like  plurality  of  rods  110  which  are  respectively  fixed  to 
an  injector  plate  112.  The  injector  plate  has  an  annular 
seal  114  fixed  to  its  periphery  and  a  plurality  of  longitu¬ 
dinal  injection  passageways  116  which  are  closed  by  a 
diaphragm  118  fixed  to  the  forward  face  of  the  plate. 
The  liquid  propellant  charge  120  is  contained  between 
the  annulus  102,  the  plate  112  and  the  inner  wall  122  of 
the  case  100.  The  bore  of  the  case  includes  an  external 
primer  124  in  communication  with  an  internal  booster 
tube  126  disposed  in  the  combustion  chamber  128  which 
is  defined  by  the  base  of  the  case,  the  injector  plate  and 
the  interior  wall  of  the  case.  Upon  ignition  the  injector 
plate  and  its  rods  move  forwardly  relative  to  the  annu¬ 
lus,  rupturing  the  diaphragm  and  injecting  propellant 
into  the  combustion  chamber.  This  diaphragm  serves  as 
a  pressure  sensitive  obturating  means.  The  inner  wall 
122  of  the  case  is  cylindrical  and  coplanar  with  the  inner 
wall  40  of  the  bore  of  the  gun  barrel,  so  that  the  forward 
annulus  and  the  injector  plate  smoothly  leave  the  case 
and  ride  along  the  gun  bore.  The  forward  annulus  may 
be  made  up  of  segments  to  provide  ready  rupture  and 
release  of  the  projectile  when  the  assembly  leaves  the 
gun  bore. 

The  injector  plate  112  may  be  made  of  arched  cross- 
section  for  a  greater  strength  to  weight  ratio. 

The  rods  110  may  be  replaced  with  hollow  tubes 
110a,  as  shown  in  FIG.  4a;  which  are  closed  at  their 
forward  ends  and  open  at  their  aft  ends  so  that  the 
interior  volume  of  each  tube  communicates  with  and  is 
at  tne  same  pressure  as  the  combustion  chamber  128. 
This  permits  the  use  of  a  thin  wall  tube  whose  wall 
thickness  becomes  progressively  thinner  from  front  to 
rear;  since  as  the  length  of  the  tube  exposed  forwardly 
of  the  annulus  102  into  the  atmosphere  increases,  the 
combustion  chamber  pressure  decreases. 

FOURTH  EMBODIMENT 

60  In  the  embodiments  discussed  above,  all  of  the  injec¬ 
tion  of  the  propellant  into  the  combustion  chamber 
takes  place  through  the  passageways  of  the  injector 
plate.  An  enlarged  "Taylor  cavity”  will  be  formed  by 
providing  a  tubular  cylinder  of  propellant  liquid  in  the 
combuston  chamber  as  said  chamber  is  being  enlarged 
by  the  forward  movement  of  the  injector  plate.  The 
“Taylor  cavity"  provides  a  liquid-gas  interface  for  com¬ 
bustion.  This  is  accomplished  by  providing  a  variable 
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internal  diameter  in  the  case  which  increases  towards 
the  mouth  of  the  case.  As  shown  in  FIG.  5,  the  bore  150 
of  the  case  may  be  tapered,  or  as  shown  in  FIG.  6,  the 
bore  152  of  the  case  may  be  stepped  to  provide  a  vari¬ 
able,  increasing,  orifice  for  the  liquid  propellant  around  5 
the  periphery  of  the  injector  plate. 

FIFTH  EMBODIMENT 

The  injector  plate  should  be  prevented  from  moving 
aft  under  impulse  load  exerted  by  the  liquid  propellant  10 
under  conditions  of  vigorous  handling  or  in  the  event  a 
cartridge  is  dropped  on  its  base.  This  can  be  accom¬ 
plished  by  providing  stops  on  the  displacement  rods  aft 
of  their  engagement  with  the  injector  plate;  a  step  can 
be  provided  in  the  interor  wall  of  the  case  aft  of  the  15 
injector  plate;  or  the  injector  plate  may  be  fastened  to 
the  interior  wall  of  the  case  by  a  weak  joint  which  will 
rupture  under  the  firing  forces.  To  further  minimize  the 
effects  of  handling  loads  the  stops  may  be  made  resil¬ 
ient.  As  shown  in  FIG.  7,  the  interior  wall  154  may  be  20 
provided  with  a  step  156  to  abut  the  outer  margin  of  the 
injector  plate  158.  A  heli<  al  spring  160  may  be  captured 
between  an  additional  step  162  and  the  injector  plate  to 
resiliently  fix  the  inputs  plate  and  to  permit  it  to  move 
aft  slightly  before  abuting  the  positive  shoulder  156. 

SIXTH  EMBODIMENT 

In  the  embodiment  shown  in  FIG.  8,  a  prefilled  case 
is  provided  which  has  an  interior  annular  wall  200  ex¬ 
tending  from  the  base  202  which  together  with  the  30 
injector  plate  204  and  its  peripheral  seal  205  defines  an 
initial  combustion  chamber.  An  external  primer  206 
communicates  with  an  internal  booster  208  disposed  in 
the  initial  combustion  chamber.  A  plurality  of  rigid, 
spaced  apart,  partitions  210  extend  inwardly  from  the  35 
interior  wall  212  of  case  which  is  tapered  progressively 
inwardly  from  the  base  to  the  neck  214  to  provide  a 
series  of  compartments  216  of  decreasing  volume,  each 
opening  into  a  central  bore  217.  As  described  with  re¬ 
spect  to  FIG.  4,  the  injector  plate  is  fixed  to  rods  218  40 
which  are  journaled  through  respective  bores  219  in  an 
annulus  220  which  retains  the  projectile  222.  The  bore 
223  of  the  neck  is  coplanar  with  the  gun  bore  40.  Liquid 
propellant  is  stored  forward  of  the  injection  plate  in  the 
compartments  216  and  in  the  central  bore.  The  propel-  45 
lant  in  the  central  bore  is  injected  into  the  combustion 
chamber  by  the  injection  plate  as  discussed  with  respect 
to  FIG.  4.  The  propellant  in  each  open  compartment 
216  tends  to  remain  in  place  and  to  ignite  as  its  compart¬ 
ment  is  exposed  to  the  initial  combustion  chamber  as  the  50 
injection  plate  moves  forward,  also  providing  a  “Taylor 
Cavity”  effect. 

SEVENTH  EMBODIMENT 

FIGS.  9  and  10  show  a  dry  loaded  cased  cartridge  55 
embodiment,  similar  to  the  case  of  FIG.  4.  The  car¬ 
tridge  is  provided  with  a  case  250  having  a  primer  252 
communicating  with  a  booster  charge  254,  and  a  projec¬ 
tile  and  sabot  assembly.  The  sabot  includes  an  injector 
plate  256  having  a  peripheral  seal  258  and  a  plurality  of  60 
longitudinally  extending  rods  260  fixed  thereto  and 
respectively  journaled  through  bores  261  in  an  annulus 
262  which  has  a  peripheral  seal  264  and  an  axial  bore 
266  receiving  a  projectile  268.  A  stabilizing  ring  270  is 
retained  against  non-firing  loads  aft  of  the  mouth  of  the  65 
case  as  by  cementing  or  crimping  and  has  a  like  plurality 
of  bores  272  journaling  said  rods  260  and  an  axial  bore 
274  adapted  to  pass  the  projectile.  A  plurality  of  radial 
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bores  276  are  disposed  through  the  case  in  an  annular 
row  to  serve  as  propellant  filling  passageways.  In  the 
stored  configuration,  as  shown  in  FIG.  9,  the  annulus 
262  is  nested  aft,  close  to  the  injector  plate,  without  any 
liquid  propellant,  and  the  seals  258  and  264  straddling 
the  row  of  bores  276.  After  the  case  has  been  loaded 
into  the  gun  and  the  gun  breech  has  been  locked,  the 
liquid  propellant  charge  is  pumped  through  aligned 
ports  in  wall  of  the  breech  of  the  gun  as  described  with 
respect  to  FIG.  2B.  The  injector  plate  is  prevented  from 
aftward  movement  by  suitable  means,  such  as  the  stops 
described  with  respect  to  FIG.  7.  As  the  liquid  propel¬ 
lant  charge  is  pumped  into  the  interface  between  the 
injector  plate  and  the  annulus,  it  forces  the  annulus 
forward  until  it  is  stopped  by  the  stabilizing  ring,  which 
provides  an  automatic  metering  device  for  the  filling 
operation. 

Both  pre-loaded  and  dry-loaded  cased  cartridges 
share  the  following  advantages: 

1.  Sealing  of  the  breech  is  provided  by  the  case. 

2.  The  priming  system  is  conveniently  provided  for 
each  round. 

3.  A  misfired  round  can  be  completely  extracted  by 
extracting  the  case. 

25  The  dry-loaded  cartridge  has  the  additional  follow¬ 
ing  advantages  for  shipping  and  handling: 

1.  The  projectile  is  telescoped  within  the  case  for 
shipping  and  for  loading  into  the  gun.  This  minimizes 
the  length  of  the  parts  to  be  handled. 

2.  The  cartridge  is  relatively  safe.  In  the  absence  of 
propellant,  the  primer  and  booster  are  the  only  combus¬ 
tible  components  present. 

3.  The  propellant  is  loaded  separately  through  con¬ 
trol  valves  and  piping.  This  can  be  controlled  remotely 
if  necessary. 

4.  The  breech  is  closed  before  the  propellant  is 
charged  into  the  cartridge,  providing  additional  safety. 

EIGHTH  EMBODIMENT 

FIGS.  11  and  12  show  a  dry  loaded  uncased  car¬ 
tridge,  which  is  loaded,  locked,  filled  and  fired  in  a 
manner  similar  to  the  cased  cartridge  of  FIGS.  9  and  10. 
The  sabot  and  projectile  assembly  comprises  an  injector 
plate  300  having  a  peripheral  seal  302  and  a  plurality  of 
longitudinally  extending  rods  304  fixed  thereto  and 
respectively  journaled  through  bores  305  in  an  annulus 
306  which  has  a  peripheral  seal  307  and  an  axial  bore 
308  receiving  a  projectile  310.  A  stabilizing  ring  312  has 
a  like  plurality  of  bores  314  journaling  said  rods  304  and 
an  axial  bore  316  adapted  to  pass  the  projectile.  As 
show  ’  '  -  ".G.  13,  a  primer  and  booster  assembly  com- 

prirJ  318  which  cemented  to  the  aft  face  of  the 

injeen.  ‘5  The  sleeve  is  molded  of  solid  propel¬ 
lant,  ot  .  strength  to  provide  a  small  combus¬ 

tion  chamber  320  initially,  but  which  will  ultimately 
burn.  A  combustible  primer  322  is  fixed  in  a  cup  324  in 
the  exterior  of  the  base  of  the  sleeve  and  which  commu¬ 
nicates  by  a  passageway  326  with  the  combustion  cham¬ 
ber  320.  The  forward  end  of  the  sleeve  is  closed  with  a 
plug  328  which  may  be  cemented.  Radially  extending 
flame  passageways  330  are  provided  through  the  walls 
of  the  sleeve.  These  passageways  are  initially  closed,  as 
by  plugs,  being  only  partially  formed  through,  or  cov¬ 
ered  by  a  diaphragm.  Loose  powder  is  disposed  in  the 
combustion  chamber. 

The  length  of  the  primer  and  booster  assembly  is 
made  equal  to  the  length  of  the  combustion  chamber  of 
the  gun.  When  the  cartridge  is  chambered  and  the 
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breech  is  locked,  the  primer  322  is  adjacent  the  face  332 
of  the  breech  block,  and  may  be  ignited  by  a  conven¬ 
tional  percussion  firing  pin  334,  or  electrical  firing 
means.  The  primer  ignites  the  loose  powder  immedi¬ 
ately,  generating  hot  gases  which  rup...re  the  flame  5 
passageway  closures  and  pass  into  the  combustion 
chamber.  The  molded  combustible  sleeve  burns  more 
slowly  than  the  loose  powder,  but  eventually  all  is  con¬ 
sumed.  The  hot  gas  initiates  the  regenerative  liquid 
propellant  injection  process  as  described  previously. 

The  dry-loaded  caseless  cartridges  have  the  follow¬ 
ing  advantages: 

1.  The  system  is  completely  combustible.  The  gun 
chamber  is  completely  empty  after  each  shot. 

2.  The  primary  system  is  an  integral  part  of  the  car-  13 
tridge  as  supplied  to  the  gun. 

3.  The  primary  system  may  be  fabricated  using  con¬ 
ventional  caseless  ammunition  technology. 

NINTH  EMBODIMENT 

FIG.  14  shows  a  recoiless  gun  embodiment  of  a  case¬ 
less  cartridge  similar  to  that  shown  at  FIG.  12.  The 
sabot  and  projectile  assembly  comprises  an  injector 
plate  400  having  a  peripheral  seal  402  and  a  plurality  of 
longitudinally  extending  rods  404  fixed  thereto  and  23 
respectively  journaled  through  bores  405  in  an  annulus 
406  which  has  a  peripheral  seal  408  and  an  axial  bore 
410  receiving  a  projectile  412.  A  stabilizing  ring  414  has 
a  like  plurality  of  bores  416  journaling  said  rods  404  and 
an  axial  bore  418  adapted  to  pass  the  projectile.  A  prim-  30 
ing  system  comprising  a  sleeve  420  which  may  be 
molded  of  solid  propellant  is  cemented  to  the  aft  face  of 
the  injector  plate  400.  The  sleeve  has  radially  extending 
flame  passageways  422  which  are  initially  closed  and 
contains  loose  powder  which  may  be  ignited  by  an  35 
electrical  firing  system  424.  A  frangible  diaphragm  426 
is  cemented  to  the  aft  end  of  the  sleeve.  The  initial 
combustion  chamber  is  provided  within  the  sleeve,  and 
the  subsequent  combustion  chamber  is  defined  between 
the  injection  plate  and  the  diaphragm.  The  diaphragm  is  40 
adapted  to  burst  at  a  pressure  which  is  high  enough  to 
insure  that  initiating  combustion  has  been  achieved. 

The  gun  427  includes  suitable  ports  428  to  pass  liquid 
propellant  to  the  interface  between  the  injection  plate 
400  and  the  annulus  406.  The  gun  also  includes  a  con-  4S 
verging/diverging  nozzle  430  in  lieu  of  the  conven¬ 
tional  closed  breech.  This  nozzle  may  be  of  the  type 
shown,  for  example,  in  U.S.  Pat.  Nqs.  2,444,949, 
2,696,760,  2,790,353  and  3,610,093.  The  nozzle  provides 
an  expansion  chamber  and  a  venturi  orifice  therein  to  50 
allow  a  sufficient  amount  of  the  combustion  gases  to 
expand  and  escape  rearwardly,  thereby  stabilizing  the 
gun  against  recoil.  The  nozzle  may  be  made  separable 
from  the  breech  to  permit  loading  of  the  cartridge.  FIG, 

14  shows  the  annulus  406  midway  in  its  forward  ad-  55 
vance  during  the  loading  with  liquid  propellant. 

TENTH  EMBODIMENT 

FIG.  15  shows  a  recoiless  gun  embodiment  of  a 
cased,  preloaded  cartridge.  The  cartridge  includes  a  60 
case  500  having  a  side  502,  a  shoulder  504,  a  neck  506 
and  a  base  plate  508  threaded  into  the  side  502.  A  pro¬ 
jectile  510  is  crimped  into  the  neck,  and  is  received  in 
the  firing  bore  312  of  the  gun.  The  base  plate  508  has 
central  bore  514  with  an  annular  seal  516  to  pass  the  65 
neck  518  of  a  tubular  injector  and  nozzle  assembly.  This 
assembly  includes  an  annular  injection  plate  520  having 
an  annular  seal  522  integral  with  the  forward  end  of  the 
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neck  and  a  converging/diverging  nozzle  523  integral 
with  the  aft  end  of  the  neck.  A  frangible  diaphragm  524 
is  cemented  over  the  forward  end  of  the  tube  and  an 
annular  priming  system  526  is  cemented  onto  the  dia¬ 
phragm.  The  priming  system  is  similar  to  a  torus  of 
square  cross-section,  having  flame  passageways,  loose 
powder,  and  an  electrical  firing  system  whose  leads 
may  be  brought  through  the  diaphragm  and  out  the 
bore  of  the  neck  and  the  nozzle  or  through  the  sidewall 
10  of  the  case.  Liquid  propellant  is  stored  in  the  chamber 
defined  by  the  base  plate  508,  the  injection  plate  520,  the 
side  502,  and  the  neck  518. 

This  embodiment  does  not  provide  a  traveling 
charge.  Ignition  of  the  priming  system  ruptures  the 
diaphragm  and  moves  the  injector  and  nozzle  assembly 
aft,  which  in  turn  provides  regenerative  pumping  for¬ 
wardly  of  the  liquid  propellant  through  the  passage¬ 
ways  of  the  injector  plate. 

20  ELEVENTH  EMBODIMENT 

FIG.  16  shows  a  recoiless  gun  embodiment  of  a  cased 
cartridge  employing  a  reaction  or  compensating  mass  of 
the  type  shown  in  U.S.  Pat.  No.  1,108,716.  This  embodi¬ 
ment  does  not  provide  a  traveling  charge.  In  its  simplest 
form,  the  gun  includes  a  firing  bore  600  open  at  both 
ends.  A  projectile  602  and  an  injector  and  reaction  mass 
assembly  are  secured  in  a  tubular  cartridge  case  603 
which  is  disposed  in  the  bore  600.  The  assembly  com¬ 
prises  a  solid  reaction  mass  604  having  a  peripheral  seal 
606  and  a  central  bore  with  an  annular  seal  607,  in 
which  is  journaled  a  rod  608  to  whose  forward  end  is 
fixed  in  injection  plate  610  having  a  peripheral  seal  612. 
A  priming  system  614  is  fixed  to  the  forward  face  of  the 
injection  plate.  The  priming  system  may  comprise  a 
sleeve  molded  of  combustible  material  with  flame  pas¬ 
sageways,  filled  with  loose  powder,  and  having  an  elec¬ 
trical  firing  means  which  may  be  brought  out  through 
the  rod  608.  Firing  is  initiated  by  hot  gases  generated  by 
the  priming  system  in  the  combustion  chamber  defined 
between  the  projectile  and  the  ignition  plate.  The  liquid 
propellant  is  stored  in  the  chamber  defined  between  the 
injection  plate  and  the  reaction  mass,  and  serves  as  part 
of  the  total  reaction  mass,  so  that  the  solid  mass  actually 
ejected  out  the  breech  of  the  gun  is  less  than  required  by 
fixed,  solid  propellants.  In  a  caseless  embodiment,  not 
shown,  the  case  is  omitted  and  the  liquid  propellant  is 
injected  as  discussed  with  respect  to  FIG.  2B. 

It  is  contemplated  that  the  inventive  concepts  herein¬ 
above  described  may  be  variously  otherwise  embodied 
and  combined  without  departing  from  the  inventive 
principles  included  and  intended  to  be  covered  by  the 
appended  claims,  except  insofar  as  limited  by  the  prior 
art. 

What  is  claimed  is: 

1.  A  weapon  system  comprising: 
a  gun  having  a  firing  bore; 

a  round  of  ammunition  disposed  in  said  firing  bore 
including: 

a  longitudinally  extending  cartridge  case  having  a 
forward  end,  and  an  aft  end  having  a  transverse 
base  plate  with  a  central  bore; 
a  relatively  high  mass  projectile  means  held  in  and 
closing  said  forward  end  of  said  cartridge  case; 
a  relatively  low  mass  piston  longitudinally  slidable 
within  and  sealed  to  the  interior  wall  of  said 
cartridge  case  and  disposed  aft  of  said  projectile 
means  and  forward  of  said  base  plate; 


4,069,739 


said  piston  having  a  first  face  of  relatively  large 
cross-sectional  area  and  a  second  face  of  rela¬ 
tively  small  cross-sectional  area,  a  central  bore 
longitudinally  extending  between  said  first  and 
second  faces,  an  additional  passageway  commu-  5 
nicating  said  second  face  with  said  first  face,  and 
a  pressure  sensitive  obturating  means  obturating 
said  additional  passageway  and  adapted  to  open 
said  additional  passageway  upon  a  predeter¬ 
mined  pressure  being  provided  on  said  first  face;  10 
a  converging/diverging  nozzle  fixed  and  sealed  to 
said  piston  about  said  bore  of  said  piston  and 


journaled  through  and  sealed  to  said  bore  of  base 
plate;  and 

a  burstable  diaphragm  fixed  and  sealed  to  said  pis¬ 
ton,  obturating  said  bore  of  said  piston; 
said  cartridge  case,  said  projectile  means  and  said 
first  face  of  said  piston  and  said  diaphragm  defin¬ 
ing  a  combustion  chamber; 
said  cartridge  case,  said  base  plate,  said  second  face 
of  said  piston  and  said  nozzle  defining  a  liquid 
propellant  storage  chamber. 


United  States  Patent  m  pu  4,085,653 

Tassie  et  al.  [45]  Apr.  25,  1978 


[54]  IGNmON  DEVICE 

[75]  Inventors:  Douglas  Pray  Tassie,  St.  George,  Vt.; 

Robert  A.  Pustell,  Andover,  Mass. 

[73]  Assignee:  General  Electric  Company, 
Burlington,  Vt. 

[21]  Appl.  No.:  723,367 

[22]  Filed:  Sep.  15,  1976 

[51]  Int.  Cl.* .  F41F  1/04 

[52]  U.S.  a . 89/7;  174/102  P; 

313/137 

[58]  Field  of  Search  .  174/102  P,  118,  77  R; 

313/137;  102/28  R,  46;  89/7 

[56]  References  Cited 

U.S.  PATENT  DOCUMENTS 

2.123,778  7/1938  Heilmann  .  174/102  P 

2,334,756  11/1943  Eichinger .  174/102  P 

2,341,235  2/1944  Palmer .  174/102  P 


2,351,056  6/1944  Lepetit .  174/118  X 

2,367,445  1/1945  Stoltenberg  .  313/137  X 

2,657,248  10/1953  Smits .  174/118  ? 

2,957,041  10/1960  Ziegler .  174/77  R 

3,121,038  2/1964  Perotte .  174/1 18  X 

3,608,492  9/1971  Mitchell  .  102/38 

3,763,739  10/1973  Tassie .  89/7 

3,789,130  1/1974  Parker .  174/118  X 


Primary  Examiner — David  H.  Brown 
Attorney,  Agent,  or  Firm — Bailin  L.  Kuch 

[57]  ABSTRACT 

An  igniter  assembly  for  use  in  liquid  propellant  guns 
comprises  an  outer  tubular  conductor  and  an  inner  con¬ 
ductor  spaced  apart  by  a  volume  of  tightly  packed, 
irregular  granules  of  an  insulating  material,  such  as  a 
mineral  powder.  The  outer  conductor  is  suppo-.'.ed  in  a 
longitudinal  bore  of  a  gun  bolt. 

10  Claims,  1  Drawing  Figure 
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IGNITION  DEVICE 

BACKGROUND  OF  THE  INVENTION 

1 .  Field  of  the  Invention  5 

This  invention  relates  to  ignition  devices  for  use  in  a 

high  mechanical  shock  environment,  such  as  the  igni¬ 
tion  of  liquid  propellant  in  a  gun,  or  the  ignition  of  fuel 
in  a  jet  engine. 

2.  Prior  Art  10 

The  use  of  an  igniter,  per  se,  in  a  liquid  propellant  gun 

is  shown  by  Broussard  in  U.S.  Pat.  Nos.  2,088,503,  is¬ 
sued  July  27,  1937;  Rost  in  2,129,875,  issued  Sept.  13, 
1938;  Barbieri  et  al.  in  3,326,084,  issued  June  20,  1967; 
Myers  in  3,673,917,  issued  July  4,  1972;  Nelson  et  al.  in  15 
3,728,937,  issued  Apr.  24,  1973;  Tassie  in  3,763,739, 
issued  Oct.  9,  1973;  and  Broxholm  et  al.,  3,949,642  is¬ 
sued  Apr.  13,  1976.  Of  these,  Tassie  and  Broxholm  et  al. 
show  the  igniter  coaxially  mounted  in  the  gun  bolt,  as 
does  Mitchell  in  U.S.  Pat.  No.  3,608,492,  issued  Sept.  28,  20 
1971  in  a  gun  firing  caseless  ammunition. 

The  conventional  igniter  is  an  assembly  of  solid,  rigid 
parts.  The  main  insulator  is  usually  a  hard,  high-fire 
ceramic,  which  is  then  combined  with  seals  and  fitted 
inside  a  strong,  outer  case  which  also  serves  as  the  outer  25 
conductor  or  electrode.  The  center  electrode  together 
with  seals  is  fitted  through  a  longitudinal  bore  in  the 
main  insulator.  In  a  high  mechanical  shock  environ¬ 
ment,  i.e.,  high  pressure  pounding,  the  assembly  deterio¬ 
rates:  the  seals  deteriorate;  the  ceramic  cracks,  or  one  30 
part  slips  with  respect  to  another.  Such  slippage  causes 
more  breakage;  the  seal  fails,  combustion  gas  leaks,  and 
eventually  the  igniter  even  fails  to  spark. 

Accordingly,  it  is  an  object  of  this  invention  to  pro¬ 
vide  an  igniter  which  is  unaffected  by  a  high  mechanical  35 
shock  environment. 

An  additional  object  of  this  invention  is  to  provide  a 
gun  bolt  and  igniter  assembly  which  is  effective  in  a 
liquid  propellant  gun. 

Another  object  of  this  invention  is  to  provide  a  pro-  40 
cess  for  the  manufacture  of  such  an  igniter. 

A  feature  of  this  invention  is  the  provision  of  an  ig¬ 
niter  assembly  comprising  an  outer  tubular  conductor 
and  an  inner  conductor  spaced  apart  by  a  volume  of 
tightly  packed,  irregular  granules  of  an  insulating  mate-  45 
rial,  such  as  a  mineral  powder.  The  outer  conductor  is 
supported  in  a  longitudinal  bore  of  a  gun  bolt. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

» 

These  and  other  objects,  advantages  and  features  of  50 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  1  is  a  top  plan  view,  in  longitudinal  cross-sec¬ 
tion  through  the  gun  bolt,  of  a  liquid  propellant  gun  55 
utilizing  an  ignition  device  embodying  this  invention. 

DESCF.1PTION  OF  THE  EMBODIMENT 

A  liquid  propellant  gun,  for  example,  as  is  shown  in 
the  FIGURE,  comprises  a  gun  barrel  10  having  a  bore  60 
12,  a  breech  14  having  a  bore  16  and  a  pair  of  swinging 
lock  blocks  18  and  20,  an  annular  seal  22  at  the  interface 
of  the  barrel  and  the  breech,  and  a  gun  bolt  24.  The  gun 
bolt  reciprocates  in  the  bore  16  and  enters  and  obturates 
the  bore  12.  The  bolt  is  locked  in  its  obturating  station  65 
by  the  lock  blocks  18  and  20  which  may  be  swung 
between  the  recesses  26  and  28  in  the  breech  and  the 
recesses  30  and  32  in  the  bolt.  A  projectile  34  may  be 
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chambered  in  the  bore  12  and  a  supply  of  liquid  propel¬ 
lant  may  be  inletted  into  the  chamber  between  the  pro¬ 
jectile  and  the  bolt.  An  exemplary  system  is  shown  in 
Tassie,  U.S.  Pat.  No.  3,763,739. 

The  gun  bolt  has  a  longitudinal  bore  therethrough 
having  a  first  portion  38,  a  shoulder  40,  a  second  portion 
42  of  smaller  diameter  than  said  first  portion,  a  shoulder 
44,  and  a  third  portion  46  of  smaller  diameter  than  said 
second  portion. 

An  igniter  50  is  fixed  within  the  bore  of  the  gun  bolt. 
The  igniter  comprises  an  outer  tube  52,  an  inner  rod  54, 
a  volume  56  of  irregular  tightly  packed  together  parti¬ 
cles  spacing  the  rod  concentrically  within  the  tube, 
except  proximal  to  the  face  58  of  the  bolt,  wherein  a 
void  60  to  serve  as  a  spark  chamber  is  provided  between 
the  tube  52  and  the  rod  54.  An  annulus  62  may  be  fixed 
within  the  void  to  close  the  exposed  end  face  of  the 
volume  of  particles.  In  an  exemplary  igniter,  the  tube  52 
is  made  of  a  relatively  workable,  conductive  material 
such  as  321  stainless  steel,  the  rod  54  is  made  of  303 
stainless  steel  wire,  (both  chosen  for  corrosion  resis¬ 
tance)  and  the  insulating  material  56  is  magnesium  oxide 
powder  (MgO).  The  annulus  62  is  a  hard  fired  ceramic 
bead.  The  seals  63  around  the  annulus  62  are  made  of  a 
resilient  material  which  is  not  soluble  in  the  particular 
propellant  or  fuel  which  is  to  be  ignited,  e.g.,  fluorocar¬ 
bon  elastomer. 

The  igniter  50  is  advantageously  manufactured  by 
compression  techniques.  In  using  a  rotary  swaging  tech¬ 
nique,  the  rod  54  is  initially  positioned  within  the  empty 
tube  52.  The  insulating  powder  56  is  poured  into  the 
tube  and  is  either  tamped  or  vibrated  to  a  light  degree  of 
compaction.  Alternatively,  the  rod  54  may  be  threaded 
into  a  number  of  crushable  MgO  beads,  and  this  assem¬ 
bly  slid  into  the  empty  tube  52.  The  ends  of  the  filled 
tube  52  are  then  closed,  as  by  plugs  or  welding,  to  pre¬ 
vent  the  powder  and  wire  from  being  forced  out  of  the 
tube  during  subsequent  compaction.  The  closed  assem¬ 
bly  of  tube,  rod  and  powder  is  fed  into  a  set  of  rotating 
dies  between  hammers  in  a  cage.  As  the  dies  rotate,  they 
open  and  close  on  the  tube  to  reduce  its  external  diame¬ 
ter.  The  first  pass  collapses  and  eliminates  all  internal 
voids.  Successive  passes  further  reduce  the  diameter 
and  increase  the  length  of  the  assembly  by  the  formula 
Vj  =  V2  where  V,  =  volume  before  the  pass  and  V2  = 
volume  after  the  pass,  and  it  R,2L,  =  7T  R22L2.  In  es¬ 
sence,  the  tube  and  its  internal  parts  are  concurrently 
squeezed  out  from  between  the  die.  As  an  alternative  to 
rotary  swaging,  drawing,  rolling,  press  swaging,  or 
plain  hammering  on  an  anvil  die  could  be  used. 

After  compaction,  the  aft  portion  70  of  the  tube  52  is 
machined  to  reduce  its  external  diameter  and  to  pro¬ 
duce  a  step  or  shoulder  72  which  is  congruent  with  the 
shoulder  44,  and  the  plugged  ends  are  removed.  The 
forward  or  pressure  or  chamber  portion  74  of  the  tube 
52  tightly  fits  into  the  bore  portion  42  while  the  aft 
portion  70  loosely  fits  into  the  bore  portion  46  and  is 
brazed  therein.  The  shoulders  72  and  44  are  in  tight 
abutment.  The  chamber  end  of  the  tube  is  welded  at  76 
(e.g.,  fusion  process)  to  the  shoulder  40  of  the  gun  bolt. 

The  essential  characteristic  of  the  insulating  powder 
is  that  it  must  be  so  tightly  compressed  by  the  outer  tube 
54  that  there  is  no  space  left  for  any  particle  of  that 
powder  or  for  any  part  of  any  other  element  of  the 
assembly  to  shift  into  under  any  pressure  applied  during 
use  of  the  igniter.  MgO  was  selected  because  it  has  good 
physical  and  dielectric  properties  at  high  temperature, 
and  because  its  irregular  particles  interlock  together 
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and  into  the  adjacent  metal  surfaces  under  swaging 
better  than  any  other  material  presently  known.  Other 
metal  oxide  mineral  dielectric  material  may  be  used. 

The  void  60  is  provided  by  air  blasting  out  a  quantity 
of  particles  from  the  chamber  end  of  the  igniter  to  ex¬ 
pose  a  length  of  the  exterior  surface  of  the  inner  con¬ 
ductor  and  interior  surface  of  the  outer  tube  to  act  as 
electrodes. 

This  process  of  manufacture  of  collapsing  the  outer 
tube  about  the  loose  powder  and  the  center  conductor 
so  tightly  that  everything  is  interlocked  and  cannot 
move  irrespective  of  externally  applied  pressure,  pro¬ 
vides  an  assembly  which  behaves  as  if  it  were  a  solid  rod 
of  metal  having  the  handling  characteristics  of  the  outer 
tube.  Thus,  pressure  pulses  beating  on  the  forward  face 
of  the  igniter  cannot  in  any  way  disturb  any  of  the  parts 
of  the  igniter  unless  the  outer  tube  expands,  thereby 
loosening  the  powder.  The  gun  bolt  tightly  fits  around 
the  igniter  and  supports  it  as  a  sheath  both  radially  and 
longitudinally. 

The  annulus  62  does  not  fail  under  pressure  pulses 
because  it  is  firmly  and  evenly  supported  by  the  com¬ 
pacted  powder  56  in  the  direction  of  the  force,  i.e., 
longitudinally,  of  the  pulses.  In  all  other  directions  the 
force  of  the  pulses  is  simultaneously  equal,  and  subjects 
the  annulus  only  to  a  compressive  stress  which  it  can 
easily  withstand. 

The  function  of  the  annulus  62  and  its  seals  is  to  pre¬ 
vent  contaminants  within  the  combustion  chamber  from 
entering  the  chamber  face  of  the  volume  of  powder. 

It  may  be  noted  that  the  manufacturing  process  of 
this  invention  is  quite  different  than  conventionally  used 
in  making  dielectric  powder  filled  conduit.  In  the  manu¬ 
facture  of  conduit  there  is  a  step  to  soften  the  powder  in 
the  conduit  so  that  it  will  flow  with  respect  to  the  inner 
and  outer  conductors  when  the  conduit  is  bent,  and  a 
step  to  anneal  the  outer  conductor.  In  contradistinction, 
the  igniter  of  this  invention  must  be  rigid  and  permit  no 
relative  movement  of  its  internal  elements.  The  pressure 
pulses  apply  extremely  high  pressure  on  the  surface  and 
interior  interfaces  of  the  volume  of  powder.  No  give  or 
movement  of  the  outer  tube  or  internal  elements  is  per¬ 
mitted.  In  the  conventional  conduit  there  is  no  pressure 
on  the  surface  or  interior  interfaces  of  the  powder  in  the 
tube. 

It  should  be  noted  that  the  invention  herein  is  not 
limited  to  a  single  inner  conductor,  a  plurality  of  mutu¬ 
ally  spaced  apart  conductors  may  be  supported  by  the 
particles  of  dielectric  material  and  held  by  the  puter 
tube. 

What  is  claimed  is: 

1.  A  gun  comprising: 

a  gun  barrel  having  a  projectile  receiving  cavity,  and 

an  igniter  including 

an  outer  tubular  element  having  a  conductive  inner 
surface; 

an  inner  element  substantially  coextensive  longitu¬ 
dinally  with  said  outer  element  and  having  a 
conductive  outer  surface; 

a  volume,  free  of  internal  voids,  of  closely  packed 
particles  of  dielectric  material,  disposed  between 
and  interlocked  with  said  inner  and  outer  ele¬ 
ments,  the  peripheral  particles  of  said  volume 
being  partially  imbedded  into  said  conductive 
surfaces  of  said  inner  and  outer  elements; 
said  volume  extending  less  than  the  full  length  of 
said  inner  element  to  provide  a  void  at  a  first 
end  of  said  igniter,  said  void  being  defined  by 
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an  exposed  portion  of  said  conductive  surface 
of  said  inner  element  mutually  confronting  an 
exposed  portion  of  said  conductive  surface  of 
said  outer  element,  and  the  end  face  of  said 
volume; 

sealing  means  including  a  solid  annulus  of  dielec¬ 
tric  material  disposed  within  said  void,  in  abut¬ 
ment  with  said  end  face  of  said  volume  and  said 
conductive  surfaces  of  said  inner  and  outer  ele¬ 
ments,  said  annulus,  said  exposed  portion  of  said 
conductive  surface  of  said  inner  element  and  said 
exposed  portion  of  said  conductive  surface  of 
said  outer  element  defining  a  spark  chamber 
which  is  in  fluid  flow  communication  with  said 
projectile  receiving  cavity. 

2.  A  gun  according  to  claim  1  further  including: 

a  volume,  of  liquid  propellant  disposed  in  said  projec¬ 
tile  receiving  cavity  and  extending  into  said  spark 
chamber. 

3.  A  gun  according  to  claim  1  further  including: 

a  gun  bolt  having  a  bolt  face  and  a  bore  extending 
longitudinally  therefrom; 

said  igniter  fixed  in  said  bore  of  said  gun  bolt  and 
radially  supported  thereby,  with  said  spark  cham¬ 
ber  opening  onto  said  bolt  face; 

means  for  inserting  said  gun  bolt  into  said  projectile 
receiving  cavity. 

4.  A  gun  according  to  claim  3  wherein: 

said  igniter  has  a  first  longitudinal  portion  including 
said  first  end  of  a  first  diameter,  a  second  longitudi¬ 
nal  portion  spaced  from  said  first  end  of  a  second 
diameter,  said  second  diameter  being  smaller  than 
said  first  diameter,  and  a  transition  between  said 
portions; 

said  bore  of  said  gun  bolt  has  a  first  longitudinal  por¬ 
tion  adjacent  said  bolt  face  of  said  first  diameter 
and  a  second  longitudinal  portion  spaced  from  said 
bolt  face  of  said  second  diameter,  and  a  transition 
between  said  portions; 

said  bolt  transition  abutting  said  igniter  transition  to 
provide  longitudinal  support  thereto. 

5.  A  gun  according  to  claim  1  wherein: 

said  igniter  is  made  by  the  process  of 

providing  an  assembly  of  an  outer  tube  of  conduc¬ 
tive  metal,  an  inner  rod  of  a  conductive  metal, 
and  an  intermediate  volume  of  particles  of  di¬ 
electric  material  concentrically  spacing  said  rod 
within  said  tube; 

compressing  the  outer  tube  radially  about  said  in¬ 
termediate  volume  and  the  rod  to  remove  all 
voids  in  said  intermediate  volume  and  to  imbed 
the  peripheral  particals  of  said  volume  into  the 
adjacent  surfaces  of  said  tube  and  rod. 

6.  A  gun  according  to  claim  5  further  including: 

removing  a  portion  of  said  volume  after  said  com¬ 
pressing  step  to  provide  said  void  at  said  fust  end  of 
said  volume. 

7.  A  gun  according  to  claim  6  further  including: 

fixing  said  igniter  into  said  bore  of  said  bolt. 

8.  An  igniter  comprising: 

an  outer  tubular  element  having  a  conductive  inner 
surface; 

an  inner  element  substantially  coextensive  longitudi¬ 
nally  with  said  outer  element  and  having  a  conduc¬ 
tive  outer  surface; 

a  volume,  free  of  internal  voids,  of  closely  packed 
particles  of  dielectric  material,  disposed  between 
and  interlocked  with  said  inner  and  outer  elements. 
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the  peripheral  particles  of  said  volume  being  par¬ 
tially  imbedded  into  said  conductive  surfaces  of 
said  inner  and  outer  elements; 
said  volume  extending  less  than  the  full  length  of 
said  inner  element  to  provide  a  void  at  a  first  end  5 
of  said  igniter,  said  void  being  defined  by  an 
exposed  portion  of  said  conductive  surface  of 
said  inner  element  mutually  confronting  an  ex¬ 
posed  portion  of  said  conductive  surface  of  said 
outer  element,  and  the  end  face  of  said  volume; 
sealing  means  including  a  solid  annulus  of  dielectric 
material  disposed  within  said  void,  in  abutment 
with  said  end  face  of  said  volume  and  said  conduc¬ 
tive  surfaces  of  said  inner  and  outer  elements,  said  ]j 
annulus,  said  exposed  portion  of  said  conductive 
surface  of  said  inner  element  and  said  exposed  por¬ 
tion  of  said  conductive  surface  of  said  outer  ele¬ 
ment  defining  a  spark  chamber; 
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said  igniter  being  made  by  the  process  of 
providing  an  assembly  of  an  outer  tube  of  conduc¬ 
tive  metal,  an  inner  rod  of  a  conductive  metal, 
and  an  intermediate  volume  of  particles  of  di¬ 
electric  material  concentrically  spacing  said  rod 
within  said  tube; 

compressing  the  outer  tube  radially  about  said  in¬ 
termediate  volume  and  the  rod  to  remove  all 
voids  in  said  intermediate  volume  and  to  imbed 
the  peripheral  particles  of  said  volume  into  the 
adjacent  surfaces  of  said  tube  and  rod. 

9.  An  igniter  according  to  claim  8  further  includin'*- 
removing  a  portion  of  said  volume  after  said  com¬ 
pressing  step  to  provide  said  void  at  said  first  end  of 
said  volume. 

10.  An  igniter  according  to  claim  9  further  including: 
fixing  said  igniter  into  an  additional  tube  to  provide 

additional  radial  support  to  said  outer  tube. 

*  •  *  *  * 
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LIQUID  PROPELLANT  WEAPON  SYSTEM 

The  U.S.  Government  has  rights  in  this  invention 
pursuant  to  Contract  No.  N00123-76-C-0164  awarded 
by  the  Department  of  Defense. 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  weapon  systems  employing 
bulk  loaded  liquid  propellant. 

2.  Prior  Art 

The  interior  ballistics  of  bulk  loaded  liquid  propellant 
guns  has  been  the  subject  of  study  for  a  number  of  years. 
In  my  earlier  U.S.  patent  application,  Ser.  No.  575,283, 
filed  May  7,  1975,  now  U.S.  Pat.  No.  4,011,817,  I  dis¬ 
closed  a  mechanical  adaptation  of  the  Taylor  theory  of 
cavity  formation  as  a  means  for  both  controlling  the 
propellant  burning  rate  and  achieving  a  down-bore 
traveling  charge  effect.  The  traveling  charge  effect  is  to 
be  achieved  through  a  subcaliber  body  of  revolution 
placed  at  the  rear  of  the  liquid  charge.  Termed  the 
“cavity  generator”,  the  body  of  revolution  is  designed 
to  penetrate  the  liquid  charge  during  the  combustion 
process  and  to  control  the  rate  at  which  propellant  is 
supplied  to  the  combustion  zone.  FIG.  1  illustrates  the 
basic  system.  A  projectile,  a  propellant  charge  and  a 
cavity  generator  are  shown  at  a  down-bore  position 
part  way  through  the  firing  process.  Acceleration  is  to 
the  right.  The  cavity  generator  separates  the  bulk  of  the 
liquid  charge  in  front  of  it  from  the  combustion  zone 
behind  it.  The  cavity  generator  is  less  dense  than  the 
liquid  it  displaces.  The  density  difference  gives  rise  to  a 
force  which  causes  the  cavity  generator  to  move  for¬ 
ward  into  the  liquid.  As  the  cavity  generator  penetrates 
the  charge,  propellant  flows  rearward  in  a  relative  sense 
into  the  combustion  zone.  This  action  continues  until 
the  penetration  is  complete  and  all  of  the  propellant  has 
been  burned. 

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  provide  a  gun  and 
ammunition  system  utilizing  a  liquid  propellant  travel¬ 
ing  charge  provided  by  a  cavity  generator  which  pro¬ 
grams  the  dynamics  of  ignition  and  combustion. 

A  feature  of  this  invention  is  the  provision  of  a  cavity 
generator  having  a  plurality  of  longitudinal  bores  re¬ 
spectively  receiving  a  plurality  of  rods  fixed,  to  the  aft 
end  of  the  combustion  chamber.  The  interengagement 
of  the  bores  and  rods  secures  the  generator,  and  pro¬ 
vides  an  initiating  chamber  behind  the  cavity  generator. 
An  ignition  system  generates  hot  gas  within  the  initiat¬ 
ing  chamber  to  initiate  the  firing  of  the  round, 

BRIEF'  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  features  and  advantages  of 
this  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  1  is  a  schematic  view  of  a  gun  and  ammunition 
system  as  disclosed  in  Ser.  No.  575,283;  and 

FIG.  2  is  a  longitudinal  cross-section  of  a  gun  and 
ammunition  system  embodying  this  invention. 

DESCRIPTION  OF  THE  INVENTION 

FIG.  2  shows  a  stub-case,  dry  loaded,  in-the-gun- 
filled  round  of  ammunition.  A  stub  case  10  is  locked  into 
a  chamber  12  of  a  gun  barrel  14  by  a  gun  boll  16.  A 


2 

projectile  18  initially  closes  the  often  end  of  the  stub 
case  before  propellant  is  introduced.  A  cavity  generator 
20  is  disposed  within  the  bore  22  of  the  case  adjacent  to 
but  spaced  from  the  base  24  of  the  case.  The  bore  22  has 
5  a  portion  of  smallest  diameter  22c  adjacent  the  base  24, 
a  portion  of  enlarging  diameter  22 b,  and  a  portion  of 
largest  diameter  22c  adjacent  the  mouth  of  the  case. 

The  generator  20  is  of  generally  cylindrical  shape  and 
as  shown  has  a  central,  longitudinally  extending,  ta- 
10  pered,  large  diameter  bore  30,  and  plurality  of  longitu¬ 
dinally  extending,  smaller  diameter  bores  32  disposed  in 
an  annular  row  concentric  with  the  bore  30.  Additional 
bores  and  rows  may  be  provided.  A  central,  large  diam¬ 
eter  rod  34  extends  longitudinally  from  the  base  24,  into 
15  and  through  the  bore  30,  and  a  like  plurality  of  shorter 
rods  36,  disposed  in  an  annular  row,  extend  longitudi¬ 
nally  from  the  base  respectively  into  the  bores  32.  The 
aft  face  of  the  generator  and  the  forward  face  of  the 
base,  together  with  the  case  side  wall  and  the  rods, 
20  define  an  initiating  volume  or  chamber  38.  Shoulders  39 
may  be  provided  to  limit  aftward  movement  of  the 
generator  within  the  case. 

A  primer  40  is  fixed  in  a  cup  42  in  the  aft  face  of  the 
base  and  communicates  through  a  flash  bore  44  with  a 
25  booster  charge  46  in  the  cup,  which  cup  communicates 
through  a  plurality  of  flash  bores  48  with  the  initating 
volume  38.  The  primer  may  be  initiated  by  a  firing  pin 
49  in  the  bolt  16,  and  with  the  booster,  serves  as  an 
ignition  system  which  provides  hot  gas  to  the  initiating 
30  volume  to  initiate  the  firing  process. 

Liquid  propellant  is  charged  into  the  bore  22  of  the 
case  through  a  port  50  through  the  side  wall  of  the  case 
from  a  valving  system  52  in  the  gun.  The  charge  of 
liquid  propellant  displaces  the  projectile  forwardly  into 
35  the  bore  54  of  the  gun  barrel  14.  Propellant  is  thus  dis¬ 
posed  aft  of  the  projectile  18  and  forward  of  the  cavity 
generator  20  and  inside  any  open  portion  of  the  bores  32 
in  the  generator  forward  of  the  rods  36.  The  number, 
pattern  and  shape  of  the  bores  and  rods  may  be  varied 
40  to  control  the  degree  to  which  the  bores  remain  filled 
with  gas,  as  will  be  explained  later.  By  means  of  their 
interfitting  with  the  bores  in  the  generator,  the  rods 
support  the  generator  at  the  rear  of  the  case  before 
firing  and  also  serve  to  separate  the  liquid  propellant 
45  from  the  initiating  volume. 

The  firing  sequence  is  as  follows: 

1.  The  primer  40  is  fired,  igniting  the  booster  charge 
46,  to  fill  the  initiating  volume  38  with  hot  gas. 

2.  At  first  the  cavity  generator  20  acts  like  a  simple 
50  piston.  It  begins  to  move  forwardly,  compressing 

the  propellant,  pushing  the  projectile  forward  so 
that  the  forcing  cone  and  rifling  engrave  the  rotat¬ 
ing  band  of  the  projectile  to  begin  the  accelerating 
process.  The  length  of  the  rods  prevent  the  expo- 
55  sure  of  liquid  propellant  to  the  hot  gas. 

3.  Subsequently,  the  cavity  generator  moves  off  the 
shortest  rods  (36)  to  expose  propellant  to  the  hot 
gas.  Combustion  of  the  adjacent  propellant  com¬ 
mences.  This  propellant  will  generate  combustion 

60  gasses  behind  the  cavity  generator  to  further  the 
piston  action  of  the  cavity  generator  in  the  acceler¬ 
ating  process. 

4.  Finally,  the  large  diameter  center  hole,  which  is 
intentionally  filled  with  gas  by  making  it  tapered, 

65  begins  to  progress  off  the  center  rod.  The  hot  gas 
will  go  out  forwardly  because  the  column  of  liquid 
ahead  of  it  is  short.  The  main  combustion  bubble 
from  the  central  bore,  and  possibly  additional  bub- 
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bles  from  the  smaller  bores,  if  the  smaller  bores  are 
also  tapered,  advance  forwardly  into  the  main 
charge  of  liquid  propellant,  leaving  the  cavity  gen¬ 
erator  behind  in  the  stub  case.  The  generator  is 
ultimately  extracted  with  the  case.  S 

In  this  manner  the  size,  number  and  sequence  in  time 
of  the  combustion  bubbles  or  cavities  entering  the  main 
charge  of  liquid  propellant  can  be  controlled. 

What  is  claimed  is: 

1.  A  round  of  ammunition  comprising:  10 

a  projectile  having  a  first  average  density; 

a  cavity  generator  having  a  second  average  density; 
a  charge  of  liquid  propellant  having  a  third  average 
density  which  is  greater  than  said  second  average 
density;  and  15 

a  cartridge  case; 

said  cavity  generator  having  a  forward  face,  an  aft 
face,  and  a  passageway  extending  longitudinally 
therebetween;  and 

said  cartridge  case  having  means  for  obturating  said  20 
passageway. 

2.  A  round  of  ammunition  according  to  claim  1 
wherein: 

said  cartridge  case  has  a  base  with  an  interior  forward 
face; 

said  cavity  generator  is  disposed  with  its  aft  face 
forward  of  and  spaced  from  said  case  base  face,  and 
therebetween  defining  an  initiating  volume. 

3.  A  round  of  ammunition  according  to  claim  2  jq 
wherein: 

said  cavity  generator  includes  an  additional  passage¬ 
way  extending  longitudinally  between  said  for¬ 
ward  and  aft  faces  of  said  cavity  generator;  and 
said  cartridge  case  includes  an  additional  means  for  3j 
obturating  said  additional  passageway;  and 
further  including 

means  for  supplying  hot  gas  into  said  initiating  vol¬ 
ume,  for  advancing  said  cavity  generator  from  a 
first  station  whereat  said  first  mentioned  passage-  40 
way  is  closed  by  said  first  mentioned  obturating 
means  and  said  additional  passageway  is  closed  by 
said  additional  obturating  means,  to  a  second  sta¬ 
tion  whereat  said  additional  passageway  is  opened 
by  said  additional  obturating  means  and  liquid  pro-  4$ 
pellant  passes  through  said  additional  passageway 
into  said  initiating  volume  and  is  ignited  by  said  hot 
gas,  and  thereafter,  to  a  third  station  whereaj  said 
first  mentioned  passageway  is  opened  by  said  first 
mentioned  obturating  means  and  hot  gas  passes  50 
through  said  first  mentioned  passageway  from  said 
initiating  volume  into  said  liquid  propellant  charge. 

4.  A  round  of  ammunition  according  to  claim  3 
wherein: 

said  first  mentioned  passageway  has  a  decreasing  55 
cross-sectional  area  from  said  aft  face  to  said  for¬ 
ward  face  of  said  cavity  generator;  and 
said  first  mentioned  obturating  means  is  a  longitudi¬ 
nally  extending  rod  having  a  substantially  uniform 
cross-sectional  area  along  its  length.  60 
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5.  A  round  of  ammunition  according  to  claim  3 
wherein: 

said  first  mentioned  passageway  comprises  a  substan¬ 
tially  conical  bore  of  decreasing  cross-sectional 
area  from  said  aft  face  to  said  forward  face  of  said 
cavity  generator;  and 

said  first  mentioned  obturating  means  is  a  longitudi¬ 
nally  extending  cylindrical  rod  of  substantially 
uniform  cross-sectional  area  along  its  length. 

6.  A  round  of  ammunition  according  to  claim  2  fur¬ 
ther  including: 

means  for  supplying  hot  gas  into  said  initiating  vol¬ 
ume,  for  advancing  said  cavity  generator  for¬ 
wardly  from  a  first  station  whereat  said  passage¬ 
way  is  closed  by  said  case  obturating  means  to  a 
second  station  whereat  said  passageway  is  opened 
by  said  case  obturating  means  and  liquid  propellant 
passes  through  said  passageway  into  said  initiating 
volume  and  is  ignited  by  said  hot  gas. 

7.  A  round  of  ammunition  according  to  claim  2  fur¬ 
ther  including: 

means  for  supplying  hot  gas  into  said  initiating  vol¬ 
ume,  for  advancing  said  cavity  generator  for¬ 
wardly  from  a  first  station  whereat  said  passage¬ 
way  is  closed  by  said  case  obturating  means  to  a 
second  station  whereat  said  passageway  is  opened 
by  said  case  obturating  means  and  hot  gas  passes 
therethrough  from  said  initiating  volume  into  said 
liquid  propellant  charge. 

8.  A  round  of  ammunition  according  to  claim  7 
wherein: 

said  first  and  second  stations  of  said  cavity  generator 
are  longitudinally  spaced  apart  within  said  car¬ 
tridge  case. 

9.  A  round  of  ammunition  according  to  claim  8 
wherein: 

said  passageway  in  said  cavity  generator  tapers  from 
a  relatively  larger  diameter  at  said  aft  face  to  a 
relatively  smaller  diameter  at  said  forward  face. 

10.  A  round  of  ammunition  according  to  claim  5 
wherein: 

said  cavity  generator  includes  a  first  plurality  of  addi¬ 
tional  passageways  extending  longitudinally  be¬ 
tween  said  forward  and  aft  faces  of  said  cavity 
generator;  and 

said  cartridge  case  includes  a  second  plurality,  equal 
to  said  first  plurality,  of  additional  means  for  re¬ 
spectively  obturating  each  of  said  additional  pas¬ 
sageways. 

11.  A  round  of  ammunition  according  to  claim  10 
wherein: 

said  first  station  of  said  cavity  generator  is  identical 
for  said  first  mentioned  passageway  and  said  first 
plurality  of  additional  passageways;  and 

said  first  plurality  of  additional  passageways  is 
opened  by  said  second  plurality  of  additional  case 
obturating  means  at  an  intermediate  station  dis¬ 
posed  longitudinally  between  said  first  station  and 
said  second  station. 
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LIQUID  PROPELLANT  WEAPON  SYSTEM 

This  application  is  a  division  of  Ser.  No.  707,143,  filed 
July  20,  1976,  now  U.S.  Pat.  No.  4,069,739.  5 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  weapon  systems  employing 
a  liquid  propellant,  and  particularly  to  such  systems  <0 
wherein  the  propellant  is  continuously  pumped  into  the 
combustion  chamber  as  the  projectile  advances  along 
the  firing  bore. 

2.  Prior  Art 

Weapons  systems  providing  traveling  charge  effects  15 
on  projectiles,  or  rockets,  or  other  related  systems,  are 
shown,  for  example,  in  U.S.  Pat.  Nos.  3,431,816; 
3.411,403;  3,459,101;  3,496,827;  3,601,056;  3,613,499; 
3,628.457;  3,648,616;  3,665,803;  3,696,749;  3,698,321; 
3,712,171;  and  3,728,937.  In  a  final  report  for  the  Bureau  20 
of  Ordnance,  Department  of  the  Navy,  under  Contract 
NOrd  16217  Task  1,  dated  Sept.  1,  1957,  work  was 
described  on  a  propellant  carrying  projectile.  “This 
projectile  contained  approximately  100  grams  of  a  hy¬ 
drazine,  hydrazine  nitrate,  water  monopropellant  (63,  25 
32,  and  5%  by  weight  respectively).  Upon  ignition  of 
the  primary  bipropellant  charge  in  the  breech,  regener¬ 
ative  injection  of  the  bipropellants  progresses  in  the 
usual  manner,  and  the  projectile  is  accelerated.  The  M 
accelerating  forces  upon  the  projectile  components  are 
so  adjusted  as  to  produce  relative  motion  between  the 
projectile  body  and  the  center  plunger.  This  motion 
expels  the  extrapped  monopropellant  rearward  past  the 
fragile  seal  disk  into  the  hot  combustion  chamber  gases, 
where  it  bums  while  the  projectile  is  accelerated."  The 
projectile  apparently  comprised  a  forward  solid  cylin¬ 
drical  projectile  whose  outer  wall  engaged  the  inner 
wall  of  the  firing  bore,  an  intermediate,  longitudinally 
central  rod  journaled  through  a  bore  in  the  projectile,  w 
and  an  aft  sealing  disk  fixed  to  the  rod  and  whose  pe¬ 
riphery  engaged  the  inner  wall  of  the  firing  bore.  The 
monopropellant  was  trapped  between  the  forward  cy¬ 
lindrical  projectile  and  the  aft  disk  within  the  firing 
bore.  Solid  primary  charges  were  also  used  in  lieu  of  4; 
liquid  primary  charges.  A  separate  static  sealing  disk 
was  also  used  in  lieu  of  the  peripheral  seal  on  the  aft 
sealing  disk. 

SUMMARY  OF  THE  INVENTION 

50 

It  is  an  object  of  this  invention  to  provide  a  gun  and 
ammunition  system  for  launching  rod-shaped  projec¬ 
tiles  at  high  velocity. 

It  is  an  additional  object  to  provide  such  a  system 
utilizing  liquid  propellants.  55 

A  feature  of  this  invention  is  the  provision  of  a  gun 
and  ammunition  system  utilizing  a  round  of  ammunition 
which  contains  a  supply  of  liquid  propellant  and  after 
ignition  pumps  this  propellant  into  the  combustion 
chamber  of  the  gun.  60 

An  additional  feature  of  this  invention  is  the  provi¬ 
sion  of  a  gun  and  ammunition  system  utilizing  a  round 
of  ammunition  carrying  a  relatively  narrow  diameter 
and  relatively  high  mass  projectile  in  a  relatively  wide 
and  relatively  low  mass  sabot,  which  is  initially  acceler-  65 
ated  by  a  primary  propellant  charge  in  the  combustion 
chamber  aft  of  the  projectile  and  which  is  subsequently 
accelerated  by  a  secondary  propellant  charge  in  the 


round  which  is  passed  during  a  relatively  extended 
period  of  time  to  the  combustion  chamber. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  features  and  advantages  of 
this  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  1  is  a  view  in  longitudinal  cross-section  of  an 
)  idealized  round  of  ammunition  having  a  sabot  and  a 
system  to  regeneratively  pump  liquid  propellant,  the 
round  is  here  shown  in  its  telescoped,  minimum  length 
configuration,  without  liquid  propellant; 

FIG.  2A  through  E  respectively  illustrate,  within  the 
>  gun  bore,  the 

(A)  before  charging  with  liquid  propellant  configura¬ 
tion, 

(B)  after  charging  with  liquid  propellant  and  ready 
for  initiation  of  the  primer  configuration, 

i  (C)  shortly  after  initiation  and  commencement  of 
injection  of  liquid  propellant  into  the  combustion 
chamber  configuration, 

(D)  midbore  configuration,  and 

(E)  bore  exiting  and  sabot  stripping  configuration, 
in  the  sequence  of  operations  of  the  round  of  FIG.  1; 

FIG.  3  is  a  view  in  longitudinal  cross-section  of  a 
second  embodiment  of  this  invention; 

FIG.  4  is  a  view  in  longitudinal  cross-section  of  a 
third  embodiment  of  this  invention; 

FIG.  4a  is  a  detail  of  a  variant  of  the  embodiment 
shown  in  FIG.  ♦; 

FIGS.  5  and  6  are  views  in  longitudinal  cross-section 
of  a  fourth  embodiment  of  this  invention; 

FIG.  7  is  a  view  in  longitudinal  cross-section  of  a  fifth 
embodiment  of  this  invention; 

FIG.  8  is  a  view  in  longitudinal  cross-section  of  a 
sixth  embodiment  of  this  invention; 

FIGS.  9  and  10  are  views  in  longitudinal  cross-sec¬ 
tion  of  a  seventh  embodiment  of  this  invention; 

FIGS.  11,  12  and  13  are  views  in  longitudinal  cross- 
section  of  an  eighth  embodiment  of  this  invention; 

FIG.  14  is  a  view  in  longitudinal  cross-section  of  a 
ninth  embodiment  of  this  invention; 

FIG.  15  is  a  view  in  longitudinal  cross-section  of  a 
tenth  embodiment  of  this  invention;  and 

FIG.  16  is  a  view  in  longitudinal  cross-section  of  an 
eleventh  embodiment  of  this  invention. 

DESCRIPTION  OF  THE  EMBODIMENTS 

Rod  shaped  penetrators  launched  at  high  velocities 
from  medium  caliber  guns  are  effective  against  some 
types  of  armor.  Since  rod  penetrators  are  characteristi¬ 
cally  long  and  thin,  sabot  launching  techniques  are 
conventionally  employed.  The  sabot  in  this  case  is  es¬ 
sentially  a  light  weight  piston  of  diameter  larger  than 
the  penetrator,  and  which  supports  the  heavier  penetra- 
tor.  In  the  launching  or  firing  process,  the  combustion 
gas  acts  against  the  area  of  the  full  diameter  of  the  sabot, 
rather  than  against  the  rod  alone,  in  accelerating  the 
two  in  combination. 

Liquid  propellants  have  several  desirable  characteris¬ 
tics,  such  as  relatively  low  fiame  temperature  and  ease 
of  storage  and  handling.  A  major  problem  in  the  use  of 
liquid  propellants  lies  in  the  control  of  the  ballistic  pro¬ 
cess  in  the  combustion  chamber.  Propellants  can  be 
either  placed  in  the  chamber  before  firing  and  then  be 
ignited;  or  it  can  be  metered  into  the  chamber  during 
the  combustion  process.  The  last  mentioned,  sometimes 
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called  preloading,  is  easier  to  do  mechanically,  but  per¬ 
mits  little  control  over  burning  after  ignition.  U.S.  Pat. 
No.  3,763,739  issued  to  D.  P.  Tassie  on  Oct.  9,  1973, 
discloses  a  gun  system  of  this  type.  The  second  men¬ 
tioned,  sometimes  called  forced  injection,  permits  con-  3 
troi  over  the  rate  of  burning  through  control  over  the 
rate  of  introduction  of  the  propellant,  but  involves  ex¬ 
tremely  high  pumping  pressures.  Such  high  pressures 
pose  stringent  requirements  on  seals,  fittings  and  struc¬ 
tural  components.  If  the  energy  for  forced  injection  is  to  10 
be  supplied  from  an  external  source,  the  power  require¬ 
ments  are  very  high.  For  example,  the  power  required 
to  pump  three  cubic  inches  of  propellant  across  a  pres¬ 
sure  drop  of  10,000  psi  in  20  milliseconds  is  227  hp.  This 
can  be  averaged  over  a  larger  period  in  an  actual  gun  to  IS 
lower  the  peak  value,  but  the  power  requirement  is  still 
unreasonable. 

An  effective  solution  to  the  power  requirement  for 
pumped  injection  is  to  utilize  the  combustion  chamber 
pressure  itself  as  the  source  of  energy  for  pumping.  20 
Called  regenerative  injection,  this  scheme  uses  a  differ¬ 
ential  area  piston  for  each  propellant.  The  larger  end  of 
the  piston  is  acted  on  by  the  chamber  pressure,  and  the 
smaller  end  pressurizes  the  propellant  to  be  injected. 
The  difference  in  areas  generates  a  propellant  pressure  25 
sufficiently  high  than  the  chamber  pressure  to  achieve 
the  desired  rate  of  injection. 

FIRST  EMBODIMENT 

Turning  now  to  FIG.  1,  a  first  embodiment  of  the  30 
invention  is  shown  as  an  idealized  round  of  ammunition 
having  a  sabot  and  regenerative,  liquid  propellant 
pumping  system,  for  use  in  a  gun  which  will  fill  the 
round  with  propellant  before  firing.  The  penetrator  10 
is  here  shown  as  a  rod  which  upon  launching  will  be  33 
drag  stabilized.  The  sabot  is  a  three  piece  assembly, 
comprising  an  annular  nose  stabilizer  12  fixed  to  the 
forward  end  of  the  penetrator,  a  circular  pusher-plate 
14  fixed  to  the  aft  end  of  the  penetrator,  and  a  cylindri¬ 
cal  body  16.  The  body  16  has  an  internal  bore  18  closed  40 
at  its  aft  end  20,  which  bore  receives  the  plate  14.  The 
aft  end  20  serves  as  an  injector  plate  and  has  a  pluralitv 
of  longitudinal  bores  22  therethrough  serving  as  injec¬ 
tion  passageways.  Each  bore  is  obturated  by  a  respec¬ 
tive  plug  24.  An  aft  recess  26  receives  a  primary  propel-  43 
lant  charge,  here  shown  as  a  solid  primer  28.  One  or 
more  substantially  radially  oriented  bores  30  pass 
through  the  side  wall  32  of  the  body  into  the  interface 
between  the  plate  20  and  the  plate  14,  to  serve  as  propel¬ 
lant  fill  passageways.  An  annular  seal  34  is  provided  on  30 
the  periphery  of  the  plate  14,  and  a  pair  of  annular  seals 
36  are  provided  on  the  periphery  of  the  body  16  strad¬ 
dling  the  fill  passageways. 

The  plugs  24  may  be  embodied  as  relief  valves,  indi¬ 
vidual  plugs,  a  burst  diaphragm  fixed  to  the  forward  S3 
face  of  the  injector  plate,  or  simply  portions  of  the  bore 
material  not  fully  drilled  through,  all  of  which  will 
shear  or  open  at  the  desired  pressure  level. 

The  penetrator  and  sabot  assembly  may  be  preloaded 
with  liquid  propellant  through  the  fill  passageways,  60 
which  are  then  plugged,  before  being  placed  in  the  gun. 
Alternatively,  the  assembly  may  be  placed  in  the  firing 
bore  40  of  the  gun  and  then  loaded  with  propellant.  The 
actual  firing  process  is  the  same  for  each  scheme,  and 
loading  within  the  gun  will  be  discussed  with  respect  to  65 
FIGS.  2A  through  2C. 

As  shown  in  FIG.  2A,  the  penetrator  and  sabot  as¬ 
sembly,  still  without  its  propellant  charge,  has  been 
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placed  into  the  breech  of  a  gun  barrel  and  the  breech 
has  been  closed.  The  fill  passageways  30  are  aligned 
with  suitable  fill  ports  31  in  the  breech  wall  of  the  gun, 
such  as  are  shown  in  U.S.  Pat.  No.  3,763,739,  supra, 
which  must  incorporate  high  pressure  fill  valves  or 
check  valves  which  can  withstand  firing  pressure. 
These  passageways  serve  as  means  for  providing  liquid 
propellant  to  the  round  of  ammunition  in  the  firing 
bore. 

As  shown  in  FIG.  2B,  propellant  is  pumped  into  the 
interface  between  the  injector  plate  20  and  the  pusher 
plate  14,  progressively  pushing  the  pusher  plate  for¬ 
ward  within  the  bore  18  to  create  an  injection  volume 
42  which  receives  a  complete  charge.  Stops  can  be 
provided  to  halt  the  forward  advance  of  the  nose  stabi¬ 
lizer,  or  preferably,  the  charge  can  be  metered.  The 
round  is  shown  fully  charged  and  ready  for  firing. 

As  shown  in  FIG.  2C,  firing  is  initiated  by  setting  off 
the  primer,  which  rapidly  generates  a  small  volume  of 
high  pressure,  hot  gas  in  the  space  43  aft  of  the  injector 
plate  which  serves  as  the  combustion  chamber.  This 
high  pressure  aft  of  the  loaded  round  produces  an  im¬ 
mediate  acceleration  of  the  complete  round.  The  over¬ 
all  force  producing  the  acceleration,  which  force  is 
equal  to  the  chamber  pressure  times  the  chamber  cross- 
sectional  area,  is  exerted  against  the  aft  face  of  the  injec¬ 
tor  plate.  The  penetrator  and  sabot  assembly  has  a  rela¬ 
tively  high  weight  relative  to  the  weight  of  the  body  16 
with  a  correspondingly  relatively  high  inertia.  A  por¬ 
tion  of  the  accelerating  force  is  absorbed  in  accelerating 
the  body  16  per  se,  but  the  remainder  of  the  accelerating 
force  is  transmitted  by  the  forward  surface  of  the  injec¬ 
tor  plate  against  the  charge  of  liquid  propellant.  The 
resultant  pressure  developed  in  the  liquid  is  the  trans¬ 
mitted  force  divided  by  the  liquid  or  injection  volume 
cross-sectional  area.  When  the  ratio  of  the  areas  of  the 
aft  face  of  injector  plate  and  the  injection  volume,  and 
the  body  weight  and  the  total  round  weights  are  prop¬ 
erly  predetermined,  a  liquid  pressure  will  be  generated 
which  is  higher  than  the  chamber  pressure  as  follows: 


£l. 

Pc 
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where 

Pjr,  is  liquid  pressure, 

Pc  is  chamber  pressure, 

Ac  is  chamber  area, 

Ac  is  liquid  area, 

Wj  is  body  weight,  and 

W  ror**  ^  *um  of  the  body,  the  liquid  and  the  pene¬ 
trator  and  sabot  assembly  weights. 

The  difference  between  the  two  pressures  Pt  and  Pc 
is  the  driving  force  which  can  be  utilized  for  regenera¬ 
tive  injection. 

The  plugs  24  are  designed  to  open  at  a  predetermined 
difference  in  pressure  between  the  interior  volume  and 
the  combustion  chamber.  These  plugs  serve  as  a  pres¬ 
sure  sensitive  obturating  means.  As  shown  in  FIG.  2C, 
when  this  difference  is  reached,  the  plugs  will  open  and 
propellant  wilt  flow  into  the  chamber.  The  injection 
passageways  22  serve  to  atomize  or  break  up  the  propel¬ 
lant  streams  through  techniques  similar  to  those  used  in 
rocket  injector  design.  As  the  propellant  streams  ini¬ 
tially  encounter  the  hot  primer  gases  they  ignite,  gener¬ 
ating  more  hot  gas.  Incoming  propellant  continues  to 
ignite  and  the  process  becomes  self-sustaining,  and  gen- 
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erates  increasing  chamber  pressure,  which  accelerates 
the  process.  The  process  continues  until  the  propellant 
is  expended.  Meanwhile,  the  whole  round  is  being  ac¬ 
celerated  along  the  bore  by  what  is  in  effect,  a  traveling 
charge.  FIG.  2D  shows  the  round  at  mid-bore  length  5 
with  the  propellant  partially  expended. 

As  the  round  leaves  the  muzzle,  the  sabot  fore  and  aff 
supports  are  stripped  from  the  penetrator  which  contin¬ 
ues  on  its  course.  FIG.  2E  shows  the  nose  stabilizer  12 
acting  under  wind  forces  to  open  the  body  16  and  free  10 
the  penetrator. 

The  entire  body  16  is  here  shown  as  engaging  the 
rifling  of  the  bore  40  to  provide  spin  to  the  entire  round 
if  a  spin  stabilized  projectile  is  used.  Alternatively  a 
lesser  annular  portion  of  the  body  may  engage  the  ri-  15 
fling. 

SECOND  EMBODIMENT 

Frictional  forces  are  developed  between  the  body  16 
and  the  interior  wall  of  the  bore  40  as  the  round  is  20 
launched,  which  are  a  function  of  the  materials  of  the 
body  16  and  the  bore  40  of  the  gun  barrel.  An  alterna¬ 
tive  embodiment  which  minimizes  such  frictional  forces 
is  shown  in  FIG.  3. 

The  penetrator  50  is  here  shown  as  a  rod  which  is  1 
stabilized  by  a  plurality  of  fins  52.  The  sabot  is  a  three 
piece  assembly  comprising  an  annular  nose  stabilizer  54 
fixed  to  the  forward  end  of  the  penetrator,  a  circular 
pusher-plate  56  fixed  to  the  aft  end  and  an  injection  }0 
plate  58  having  a  plurality  of  forwardly,  longitudinally 
extending,  integral  rods  60.  The  pusher  plate  56  has  a 
like  plurality  of  longitudinal  bores  62  with  respective 
annular  seals  64  each  passing  a  respective  one  of  the 
rods  60.  The  injector  plate  58  also  has  a  plurality  of  35 
longitudinal  bores  66  therethrough  each  obstructed  by  a 
respective  plug  68,  and  an  aft  recess  70  receiving  a 
primary  propellant  charge  72,  all  similar  to  the  embodi¬ 
ment  of  FIG.  1.  These  plugs  serve  as  a  pressure  sensitive 
obturating  means.  An  annular  seal  74  is  provided  in  the  40 
periphery  of  the  injector  plate,  and  an  annular  seal  76  is 
provided  in  the  periphery  of  the  pusher  plate.  This 
penetrator  and  sabot  assembly  is  disposed  in  the  gun  for 
filling  with  propellant  with  the  fill  ports  in  the  breech 
wall  of  the  gun  aligned  with  the  interface  between  the  4; 
injection  plate  and  the  pusher  plate. 

The  use  of  the  rods  60  upon  which  the  pusher  plate 
can  slide  permits  the  omission  of  the  body  structure,  so 
that  only  the  peripheries  of  the  pusher  plate,  the  injector 
plate  and  the  stabilizer  need  contact  the  wall  of  the  50 
barrel  bore  40.  The  liquid  propellant  is  contained  be¬ 
tween  the  pusher  plate,  the  injector  plate  and  the  wall  of 
the  barrel  bore.  The  necessary  differential  in  areas  is 
provided  by  the  total  cross-sectional  areas  of  the  rods 
60.  The  rods  provide  an  added  advantage  in  the  sabot  55 
stripping  phase  of  the  launching  cycle  as  they  are  rela¬ 
tively  weaker  and  therefore  easier  to  deflect  radially 
outwardly  than  the  equivalent  cylindrical  body  16. 

Both  of  the  embodiments  described  above  provide 
the  following  advantages:  60 

1.  Controlled  injection  is  achieved  through  regenera¬ 
tive  pumping  action; 

2.  The  inertia  of  the  projectile  itself  is  the  source  of 
the  pumping  force; 

3.  The  injection  mechanism  is  incorporated  into  the  65 
penetrator  and  sabot  assembly,  with  very  little  effect  on 
the  gun  design; 

4.  A  traveling  charge  effect  is  achieved; 


5.  The  injection  system  and  high  pressure  seals  are 
used  only  once  for  each  shot  and  are  then  discarded. 

6.  The  sabot  and  projectile  assemblies  may  be  stored 
and  transported  as  essentially  inert,  considering  the 
primer  to  be  relatively  insignificant.  The  assemblies  do 
not  become  active  until  the  introduction  of  the  propel¬ 
lant.  This  can  be  delayed  until  after  chambering  and 
locking  in  the  gun. 

The  specification  so  far  has  dealt  with  idealized  pro¬ 
jectile  and  sabot  assemblies  and  their  launching  tech¬ 
niques.  Cartridges  embodying  such  assemblies  may  be 
provided  in  at  least  several  different  configurations. 

THIRD  EMBODIMENT 

FIG.  4  shows  the  simplest  pre-filled  cartridge  case 
embodiment.  The  projectile  and  sabot  assembly  arc 
crimped  into  a  cartridge  case  100.  The  assembly  com¬ 
prises  a  forward  annulus  102  which  serves  as  a  pusher 
plate  and  has  a  central  bore  104  receiving  a  spin  stabi¬ 
lized  projectile  106  and  a  plurality  of  bores  108  disposed 
in  an  annular  row,  each  receiving  a  respective  one  of  a 
like  plurality  of  rods  110  which  are  respectively  fixed  to 
an  injector  plate  112.  The  injector  plate  has  an  annular 
seal  114  fixed  to  its  pernhery  and  a  plurality  of  longitu¬ 
dinal  injection  passageways  116  which  are  closed  by  a 
diaphragm  118  fixed  to  the  forward  face  of  the  plate. 
The  liquid  propellant  charge  120  is  contained  between 
the  annulus  102,  the  plate  112  and  the  inner  wall  122  of 
the  case  100.  The  bore  of  the  case  includes  an  external 
primer  124  in  communication  with  an  internal  booster 
tube  126  disposed  in  the  combustion  chamber  128  which 
is  defined  by  the  base  of  the  case,  the  injector  plate  and 
the  interior  wall  of  the  case.  Upon  ignition  the  injector 
plate  and  its  rods  move  forwardly  relative  to  the  annu¬ 
lus,  rupturing  the  diaphragm  and  injecting  propellant 
into  the  combustion  chamber.  This  diaphragm  serves  as 
a  pressure  sensitive  obturating  means.  The  inner  wall 
122  of  the  case  is  cylindrical  and  coplanar  with  the  inner 
wall  40  of  the  bore  of  the  gun  barrel,  so  that  the  forward 
annulus  and  the  injector  plate  smoothly  leave  the  case 
and  ride  along  the  gun  bore.  The  forward  annulus  may 
be  made  up  of  segments  to  provide  ready  rupture  and 
release  of  the  projectile  when  the  assembly  leaves  the 
gun  bore. 

The  injector  plate  112  may  be  made  of  arched  cross- 
section  for  a  greater  strength  to  weight  ratio. 

The  rods  110  may  be  replaced  with  hollow  tubes 
110a,  as  shown  in  FIG.  4a;  which  are  closed  at  their 
forward  ends  and  open  at  their  aft  ends  so  that  the 
interior  volume  of  each  tube  communicates  with  and  is 
at  the  same  pressure  as  the  combustion  chamber  128. 
This  permits  the  use  of  a  thin  wall  tube  whose  vail 
thickness  become  progressively  thinner  from  front  to 
rear;  since  as  the  length  of  the  tube  exposed  forwardly 
of  the  annulus  102  into  the  atmosphere  increases,  the 
combustion  chamber  pressure  decreases. 

FOURTH  EMBODIMENT 

In  the  embodiments  discussed  above,  all  of  the  injec¬ 
tion  of  the  propellant  into  the  combustion  chamber 
takes  place  through  the  passageways  of  the  injector 
plate.  An  enlarged  "Taylor  cavity”  will  be  formed  by 
providing  a  tubular  cylinder  of  propellant  liquid  in  the 
combustion  chamber  as  said  chamber  is  being  enlarged 
by  the  forward  movement  of  the  injector  plate.  The 
“Taylor  cavity”  provides  a  liquid-gas  interface  for  com¬ 
bustion.  This  is  accomplished  by  providing  a  variable 
internal  diameter  in  the  case  which  increases  towards 
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the  mouth  of  the  case.  As  shown  in  FIG.  5,  the  bore  150 
of  the  case  may  be  tapered,  or  as  shown  in  FIG.  6,  the 
bore  152  of  the  case  may  be  stepped  to  provide  a  vari¬ 
able,  increasing,  orifice  for  the  liquid  propellant  around 
the  periphery  of  the  injector  plate.  S 

FIFTH  EMBODIMENT 

The  injector  plate  should  be  prevented  from  moving 
aft  under  impulse  loads  exerted  by  the  liquid  propellant 
under  conditions  of  vigorous  handling  or  in  the  event  a  10 
cartridge  is  dropped  on  its  base.  This  can  be  accom¬ 
plished  by  providing  stops  on  the  displacement  rods  aft 
of  their  engagement  with  the  injector  plate;  a  step  can 
be  provided  in  the  interior  wall  of  the  case  aft  of  the 
injector  plate;  or  the  injector  plate  may  be  fastened  to  15 
the  interior  wall  of  the  case  by  a  weak  joint  which  will 
rupture  under  the  firing  forces.  To  further  minimize  the 
effects  of  handling  loads  the  stops  may  be  made  resil¬ 
ient.  As  shown  in  FIG.  7,  the  interior  wall  154  may  be 
provided  with  a  step  156  to  abut  the  outer  margin  of  the  20 
injector  plate  158.  A  helical  spring  160  may  be  captured 
between  an  additional  step  162  and  the  injector  plate  to 
resiliency  fix  the  inputs  plate  and  to  permit  it  to  move 
aft  slightly  before  abuting  the  positive  shoulder  156. 

SIXTH  EMBODIMENT 

In  the  embodiment  shown  in  FIG.  8,  a  prefilled  case 
is  provided  which  has  an  interior  annular  wall  200  ex¬ 
tending  from  the  base  202  which  together  with  the 
injector  plate  204  and  its  peripheral  seal  205  defines  an  10 
initial  combustion  chamber.  An  external  primer  206 
communicates  with  an  internal  booster  208  disposed  in 
the  initial  combustion  chamber.  A  plurality  of  rigid, 
spaced  apart,  partitions  210  extend  inwardly  from  the 
interior  wall  212  of  case  which  is  tapered  progressively  35 
inwardly  from  the  base  to  the  neck  214  to  provide  a 
series  of  compartments  216  of  decreasing  volume,  each 
opening  into  a  central  bore  217.  As  described  with  re¬ 
spect  to  FIG.  4,  the  injector  plate  is  fixed  to  rods  218 
which  are  journaled  through  respective  bores  219  in  an  40 
annulus  220  which  retains  the  projectile  222.  The  bore 
223  of  the  neck  is  coplanar  with  the  gun  bore  40.  Liquid 
propellant  is  stored  forward  of  the  injection  plate  in  the 
compartments  216  and  in  the  central  bore.  The  propel¬ 
lant  in  the  central  bore  is  injected  into  the  combustion  45 
chamber  by  the  injection  plate  as  discussed  with  respect 
to  FIG.  4.  The  propellant  in  each  open  compartment 
216  tends  to  remain  in  place  and  to  ignite  as  its  compart¬ 
ment  is  exposed  to  the  initial  combustion  chamber  as  the 
injection  plate  moves  forward,  also  providing  a  'Taylor 
Cavity"  effect. 

SEVENTH  EMBODIMENT 

FIGS.  9  and  10  show  a  dry  loaded  cased  cartridge 
embodiment,  similar  to  the  case  of  FIG.  4.  The  car-  55 
tridge  is  provided  with  a  case  250  having  a  primer  252 
communicating  with  a  booster  charge  254,  and  a  projec¬ 
tile  and  sabot  assembly.  The  sabot  includes  an  injector 
plate  256  having  a  peripheral  seal  258  and  a  plurality  of 
longitudinally  extending  rods  260  fixed  thereto  and  60 
respectively  journaled  through  bores  261  in  an  annulus 
262  which  has  a  peripheral  seal  264  and  an  axial  bore 
266  receiving  a  projectile  268.  A  stabilizing  ring  270  is 
retained  against  non-firing  loads  aft  of  the  mouth  of  the 
case  as  by  cementing  or  crimping  and  has  a  like  plurality  65 
of  bores  272  journaling  said  rods  260  and  an  axial  bore 
274  adapted  to  pass  the  projectile.  A  plurality  of  radial 
bores  276  are  disposed  through  the  case  in  an  annular 


8 

row  to  serve  as  propellant  filling  passageways.  In  the 
stored  configuration,  as  shown  in  FIG.  9,  the  annulus 
262  is  nested  aft,  close  to  the  injector  plate,  without  any 
liquid  propellant,  and  the  seals  258  and  264  straddling 
the  row  of  bores  276.  After  the  case  has  been  loaded 
into  the  gun  and  the  gun  breech  has  been  locked,  the 
liquid  propellant  charge  is  pumped  through  aligned 
ports  in  wall  of  the  breech  of  the  gun  as  described  with 
respect  to  FIG.  2B.  The  injector  plate  is  prevented  from 
aftward  movement  by  suitable  means,  such  as  the  stops 
described  with  respect  to  FIG.  7.  As  the  liquid  propel¬ 
lant  charge  is  pumped  into  the  interface  between  the 
injector  plate  and  the  annulus,  it  forces  the  annulus 
forward  until  it  is  stopped  by  the  stabilizing  ring,  which 
provides  an  automatic  metering  device  for  the  filling 
operation. 

Both  pre-loaded  and  dry-loaded  cased  cartridges 
share  the  following  advantages: 

1.  Sealing  of  the  breech  is  provided  by  the  case. 

2.  The  priming  system  is  conveniently  provided  for 
each  round. 

3.  A  misfired  round  can  be  completely  extracted  by 
extracting  the  case. 

The  dry-loaded  cartridge  has  the  additional  follow- 
25  ing  advantages  for  shipping  and  handling: 

1.  The  projectile  is  telescoped  within  the  case  for 
shipping  and  for  loading  into  the  gun.  This  minimizes 
the  length  of  the  parts  to  be  handled. 

2.  The  cartridge  is  relatively  safe.  In  the  absence  of 
propellant,  the  primer  and  booster  are  the  only  com¬ 
bustible  components  present 

3.  The  propellant  is  loaded  separately  through  con¬ 
trol  valves  and  piping.  This  can  be  controlled  remotely 
if  necessary. 

4.  The  breech  is  closed  before  the  propellant  is 
charged  into  the  cartridge,  providing  additional  safety. 

EIGHTH  EMBODIMENT 

FIGS.  11  and  12  show  a  dry-loaded  uncased  car¬ 
tridge,  which  is  loaded,  locked,  filled  and  fired  in  a 
manner  similar  to  the  cased  cartridge  of  FIGS.  9  and  10. 
The  sabot  and  projectile  assembly  comprises  an  injector 
plate  300  having  a  peripheral  seal  302  and  a  plurality  of 
longitudinally  extending  rods  304  fixed  thereto  and 
respectively  journaled  through  bores  305  in  an  annulus 
306  which  has  a  peripheral  seal  307  and  an  axial  bore 
308  receiving  a  projectile  310.  A  stabilizing  ring  312  has 
a  like  plurality  of  bores  314  journaling  said  rods  304  and 
an  axial  bore  316  adapted  to  pass  the  projectile.  As 
50  shown  in  FIG.  13,  a  primer  and  booster  assembly  com¬ 
prises  a  sleeve  318  which  cemented  to  the  afi  face  of  the 
injector  plate  300.  The  sleeve  is  molded  of  solid  propel¬ 
lant,  of  sufficient  strength  to  provide  a  small  combus¬ 
tion  chamber  320  initially,  but  which  will  ultimately 
burn.  A  combustible  primer  322  is  fixed  in  a  cup  324  in 
the  exterior  of  the  base  of  the  sleeve  and  which  commu¬ 
nicates  by  a  passageway  326  with  the  combustion  cham¬ 
ber  320.  The  forward  end  of  the  sleeve  is  closed  with  a 
plug  328  which  may  be  cemented.  Radially  extending 
flame  passageways  330  are  provided  through  the  walls 
of  the  sleeve.  These  passageways  are  initially  closed,  as 
by  plugs,  being  only  partially  formed  through,  or  cov¬ 
ered  by  a  diaphragm.  Loose  powder  is  disposed  in  the 
combustion  chamber. 

The  length  of  the  primer  and  booster  assembly  is 
made  equal  to  the  length  of  the  combustion  chamber  of 
the  gun.  When  the  cartridge  is  chambered  and  the 
breech  is  locked,  the  primer  322  is  adjacent  the  face  332 
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of  the  breech  block,  and  may  be  ignited  by  a  conven¬ 
tional  percussion  firing  pin  334,  or  electrical  firing 
means.  The  primer  ignites  the  loose  powder  immedi¬ 
ately,  generating  hot  gases  which  rupture  the  flame 
passageway  closures  and  pass  into  the  combustion  S 
chamber  The  molded  combustible  sleeve  burns  more 
slowly  than  the  loose  powder,  but  eventually  all  is  con¬ 
sumed.  The  hot  gas  initiates  the  regenerative  liquid 
propellant  injection  process  as  described  previously. 

The  dry-loaded  caseless  cartridges  have  the  follow-  10 
ing  advantages: 

1.  The  system  is  completely  combustible.  The  gun 
chamber  is  completely  empty  after  each  shot. 

2.  The  primary  system  is  an  integral  part  of  the  car¬ 
tridge  as  supplied  to  the  gun.  IS 

3.  The  primary  system  may  be  fabricated  using  con¬ 
ventional  caseless  ammunition  technology. 

NINTH  EMBODIMENT 

FIG.  14  shows  a  recoiless  gun  embodiment  of  a  case-  20 
less  cartridge  similar  to  that  shown  at  FIG.  12.  The 
sabot  and  projectile  assembly  comprises  an  injector 
plate  400  having  a  peripheral  seal  402  and  a  plurality  of 
longitudinally  extending  rods  404  fixed  thereto  and 
respectively  journaled  through  bores  405  in  an  annulus  25 
406  which  has  a  peripheral  seal  408  and  an  axial  bore 
410  receiving  a  projectile  412.  A  stabilizing  ring  414  has 
a  like  plurality  of  bores  416  journaling  said  rods  404  and 
an  axial  bore  418  adapted  to  pass  the  projectile.  A  prim¬ 
ing  system  comprising  a  sleeve  420  which  may  be  30 
molded  of  solid  propellant  is  cemented  to  the  aft  face  of 
the  injector  plate  400.  The  sleeve  has  radially  extending 
flame  passageways  422  which  are  initially  closed  and 
contains  loose  powder  which  may  be  ignited  by  an 
electrical  firing  system  424.  A  frangible  diaphragm  426  3S 
is  cemented  to  the  aft  end  of  the  sleeve.  The  initial 
combustion  chamber  is  provided  within  the  sleeve,  and 
the  subsequent  combustion  chamber  is  defined  between 
the  injection  plate  and  the  diaphragm.  The  diaphragm  is 
adapted  to  burst  at  a  pressure  which  is  high  enough  to  40 
insure  that  initiating  combustion  has  been  achieved. 

The  gun  427  includes  suitable  ports  428  to  pass  liquid 
propellant  to  the  interface  between  the  injection  plate 
400  and  the  annulus  406.  The  gun  also  includes  a  con¬ 
verging/diverging  nozzle  430  in  lieu  of  the  conven-  45 
tional  closed  breech.  This  nozzle  may  be  of  the  type 
shown,  for  example,  in  U.S.  Pat.  Nos.  2,444,949, 
2,696,760,  2,790,353  and  3,610,093.  The  nozzle  provides 
an  expansion  chamber  and  a  venturi  orifice  therein  to 
allow  a  sufficient  amount  of  the  combustion  gases  to  50 
expand  and  escape  rearwardly,  thereby  stabilizing  the 
gun  against  recoil.  The  nozzle  may  be  made  separable 
from  the  breech  to  permit  loading  of  the  cartridge.  FIG. 

14  shows  the  annulus  406  midway  in  its  forward  ad¬ 
vance  during  the  loading  with  liquid  propellant.  55 

TENTH  EMBODIMENT 

FIG.  15  shows  a  recoiless  gun  embodiment  of  a 
cased,  preloaded  cartridge.  Ths  cartridge  includes  a 
case  500  having  a  side  502,  a  shoulder  504,  a  neck  506  60 
and  a  base  plate  508  threaded  into  the  side  502.  A  pro¬ 
jectile  510  is  crimped  into  the  neck,  and  is  received  in 
the  firing  bore  512  of  the  gun.  The  base  plate  508  has 
central  bore  514  with  an  annular  seal  516  to  pass  the 
neck  518  of  a  tubular  injector  and  nozzle  assembly.  This  65 
assembly  includes  an  annular  injection  plate  520  having 
an  annular  seal  522  integral  with  the  forward  end  of  the 
neck  and  a  converging/diverging  nozzle  523  integral 
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with  the  aft  end  of  the  neck.  A  frangible  diaphragm  524 
is  cemented  over  the  forward  end  of  the  tube  and  an 
annular  priming  system  526  is  cemented  onto  the  dia¬ 
phragm.  The  priming  system  is  similar  to  a  torus  of 
square  cross-section,  having  flame  passageways,  loose 
powder,  and  an  electrical  firing  system  whose  leads 
may  be  brought  through  the  diaphragm  and  out  the 
bore  of  the  neck  and  the  nozzle  or  through  the  sidewall 
of  the  case.  Liquid  propellant  is  stored  in  the  chamber 
defined  by  the  base  plate  508,  the  injection  plate  520,  the 
side  502,  and  the  neck  518. 

This  embodiment  does  not  provide  a  traveling 
charge.  Ignition  of  the  priming  system  ruptures  the 
diaphragm  and  moves  the  injector  and  nozzle  assembly 
aft,  which  in  turn  provides  regenerative  pumping  for¬ 
wardly  of  the  liquid  propellant  through  the  passage¬ 
ways  of  the  injector  plate. 

ELEVENTH  EMBODIMENT 

FIG.  16  shows  a  recoilless  gun  embodiment  employ¬ 
ing  a  reaction  or  compensating  mass  of  the  type  shown 
in  U.S.  Pat.  No.  1,108,716.  The  upper  half  of  the  figure 
illustrates  the  use  of  a  cartridge  case,  while  the  lower 
half  illustrates  the  omission  of  a  cartridge  case.  This 
embodiment  does  not  provide  a  traveling  charge.  In  its 
simplest  form,  the  gun  includes  a  firing  bore  600  open  at 
both  ends.  A  projectile  602  with  a  rotating  band  602a 
and  an  injector  and  reaction  mass  assembly  are  secured 
in  a  tubular  cartridge  case  603  which  is  disposed  in  the 
bore  600.  The  assembly  comprises  a  solid  reaction  mass 
604  having  a  peripheral  seal  606  and  a  central  bore  with 
an  annular  seal  607,  in  which  is  journaled  a  rod  608  to 
whose  forward  end  is  fixed  an  injection  plate  610  similar 
to  those  described  in  the  previous  species,  having  injec¬ 
tion  bores  610a  closed  by  a  frangible  diaphragm  6106. 
and  having  a  peripheral  seal  612.  A  priming  system  614 
is  fixed  to  the  forward  face  of  the  injection  plate.  The 
priming  system  may  comprise  a  sleeve  molded  of  com¬ 
bustible  material  with  flame  passageways,  filled  with 
loose  powder,  and  having  an  electrical  firing  means 
which  may  be  brought  out  through  the  rod  608.  Firing 
is  initiated  by  hot  gases  generated  by  the  priming  system 
in  the  combustion  chamber  defined  between  the  projec¬ 
tile  and  the  ignition  plate.  The  liquid  propellant  is  stored 
in  the  chamber  defined  between  the  injection  plate  and 
the  reaction  mass,  and  serves  as  part  of  the  total  reaction 
mass,  so  that  the  solid  mass  actually  ejected  out  the 
breech  of  the  gun  is  less  than  required  by  fixed,  solid 
propellants.  In  the  caseless  embodiment,  the  case  is 
omitted  and  the  liquid  propellant  is  injected  as  discussed 
with  respect  to  FIG.  2B. 

It  is  contemplated  that  the  inventive  concepts  herein¬ 
above  described  may  be  variously  otherwise  embodied 
and  combined  without  departing  from  the  inventive 
principles  included  and  intended  to  be  covered  by  the 
appended  claims,  except  insofar  as  limited  by  the  prior 
art. 

What  is  claimed  is: 

1.  A  weapon  system  comprising: 

a  gun  having  a  firing  bore; 

a  round  of  ammunition  disposed  in  said  firing  bore 
including: 

a  relatively  high  mass  projectile  means  longitudinally 
slidable  in  and  closing  the  forward  end  of  said 
firing  bore; 

a  relatively  high  reaction  mass  longitudinally  slidable 
in  and  losing  the  aft  end  of  said  firing  bore,  and 
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having  a  central  bore  longitudinally  extending 
therethrough; 

a  relatively  low  mass  piston  longitudinally  slidable 
within  and  sealed  to  said  firing  bore  and  disposed 
aft  of  said  projectile  means  and  forward  of  said  } 
reaction  mass,  and  having  a  central  rod  longitudi¬ 
nally  extending  into  and  sealed  to  said  central  bore 
of  said  reaction  mass, 

said  piston  having  a  forward  face  of  relatively  large 
cross-sectional  area  and  an  aft  face  of  relatively  10 
small  cross-sectional  area,  and  a  passageway  com¬ 
municating  said  aft  face  with  said  forward  face,  and 
a  pressure  sensitive  obturating  means  obturating 


12 

said  passageway  and  adapted  to  open  said  passage¬ 
way  upon  a  predetermined  pressure  being  applied 
to  said  forward  face; 
said  projectile  means,  said  firing  bores  and  said  piston 
defining  a  combustion  chamber; 
said  reaction  mass,  said  firing  bore,  said  piston  rod 
and  said  piston  defining  a  liquid  propellant  storage 
area. 

2.  A  system  according  to  claim  1  further  including: 
a  tubular  cartridge  case  enclosing  said  projectile 
means,  said  piston  and  said  reaction  mass,  and  serv¬ 
ing  a  part  of  said  firing  bore. 

•  •  •  •  • 
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LIQUID  PROPELLANT  WEAPON  SYSTEM 

This  application  is  a  division  ofSer.  No.  707,143,  Tiled 
July  20,  1976,  now  U.S.  Pat.  No.  4,069,739. 

BACKGROUND  OF  THE  INVENTION  ’ 

1.  Field  of  the  Invention 

This  invention  relates  to  weapon  systems  employing 
a  liquid  propellant,  and  particularly  to  such  systems 
wherein  the  propellant  is  continuously  pumped  into  the  10 
combustion  chamber  as  the  projectile  advances  along 
the  firing  bore. 

2.  Prior  Art 

Weapons  systems  providing  traveling  charge  effects 
on  projectiles,  or  rockets,  or  other  related  systems,  are  15 
shown,  for  example,  in  U.S.  Pat.  Nos.  3,431,816; 
3,411,403;  3,459,101;  3,496,827;  3,601,056;  3,613,499; 
3,628,457;  3,648,616;  3,665,803;  3,696,749;  3,698,321; 
3,712,171;  and  3,728,937.  In  a  final  report  for  the  Bureau 
of  Ordnance,  Department  of  the  Navy,  under  Contract  20 
NOrd  16217  Task  1,  dated  Sept.  1,  1957,  work  was 
described  on  a  propellant  carrying  projectile.  “This 
projectile  contained  approximately  100  grams  of  a  hy¬ 
drazine,  hydrazine  nitrate,  water  monopropellant  (63, 

32,  and  5%  by  weight  respectively).  Upon  ignition  of  25 
the  primary  bipropellant  charge  in  the  breech,  regener¬ 
ative  injection  of  the  bipropellants  progresses  in  the 
usual  manner,  and  the  projectile  is  accelerated.  The 
accelerating  forces  upon  the  projectile  components  are 
so  adjusted  as  to  produce  relative  motion  between  the  30 
projectile  body  and  the  center  plunger.  This  motion 
expels  the  extrapped  monopropellant  rearward  past  the 
fragile  seal  disk  into  the  hot  combustion  chamber  gases, 
where  it  bums  while  the  projectile  is  accelerated.”  The 
projectile  apparently  comprised  a  forward  solid  cylin-  35 
drical  projectile  whose  outer  wall  engaged  the  inner 
wall  of  the  firing  bore,  an  intermediate,  longitudinally 
central  rod  journaled  through  a  bore  in  the  projectile, 
and  an  aft  sealing  disk  fixed  to  the  rod  and  whose  pe¬ 
riphery  engaged  the  inner  wall  of  the  firing  bore.  The  40 
monopropellant  was  trapped  between  the  forward  cy¬ 
lindrical  projectile  and  the  aft  disk  within  the  firing 
bore.  Solid  primary  charges  were  also  used  in  lieu  of 
liquid  primary  charges.  A  separate  static  sealing  disk 
was  also  used  in  lieu  of  the  peripheral  seal  on  the  aft  45 
sealing  disk. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  this  invention  to  provide^  gun  and 
ammunition  system  for  launching  rod-shaped  projec-  50 
tiles  at  high  velocity. 

It  is  an  additional  object  to  provide  such  a  system 
utilizing  liquid  propellants. 

A  feature  of  this  invention  is  the  provision  of  a  gun 
and  ammunition  system  utilizing  a  round  of  ammunition  55 
which  contains  a  supply  of  liquid  propellant  and  after 
ignition  pumps  this  propellant  into  the  combustion 
chamber  of  the  gun. 

An  additional  feature  of  this  invention  is  the  provi¬ 
sion  of  a  gun  and  ammunition  system  utilizing  a  round  60 
of  ammunition  carrying  a  relatively  narrow  diameter 
and  relatively  high  mass  projectile  in  a  relatively  wide 
and  relatively  low  mass  sabot,  which  is  initially  acceler¬ 
ated  by  a  primary  propellant  charge  in  the  combustion 
chamber  aft  of  the  projectile  and  which  is  subsequently  65 
accelerated  by  a  secondary  propellant  charge  in  the 
round  which  is  passed  during  a  relatively  extended 
period  of  time  to  the  combustion  chamber. 
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BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  features  and  advantages  of 
this  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  I  is  a  view  in  longitudinal  cross-section  of  an 
idealized  round  of  ammunition  having  a  sabot  and  a 
system  to  regeneratively  pump  liquid  propellant,  the 
round  is  here  shown  in  its  telescoped,  minimum  length 
configuration,  without  liquid  propellant; 

FIG.  2A  through  E  respectively  illustrate,  within  the 
gun  bore,  the 

(A)  before  charging  with  liquid  propellant  configura¬ 
tion, 

(B)  after  charging  with  liquid  propellant  and  ready 
for  initiation  of  the  primer  configuration, 

(C)  shortly  after  initiation  and  commencement  of 
injection  of  liquid  propellant  into  the  combustion 
chamber  configuration, 

(D)  midbore  configuration,  and 

(E)  bore  exiting  and  sabot  stripping  configuration, 
in  the  sequence  of  operations  of  the  round  of  FIG.  1; 

FIG.  3  is  a  view  in  longitudinal  cross-section  of  a 
second  embodiment  of  this  invention; 

FIG.  4  is  a  view  in  longitudinal  cross-section  of  a 
third  embodiment  of  this  invention; 

FIG.  4a  is  a  detail  of  a  variant  of  the  embodiment 
shown  in  FIG.  4; 

FIGS.  S  and  6  are  views  in  longitudinal  cross-section 
of  a  fourth  embodiment  of  this  invention; 

FIG.  7  is  a  view  in  longitudinal  cross-section  of  a  fifth 
embodiment  of  this  invention; 

FIG.  8  is  a  view  in  longitudinal  cross-section  of  a 
sixth  embodiment  of  this  invention; 

FIGS.  9  and  10  are  views  in  longitudinal  cross-sec¬ 
tion  of  a  seventh  embodiment  of  this  invention; 

FIGS.  11,  12  and  13  are  views  in  longitudinal  cross- 
section  of  an  eighth  embodiment  of  this  invention; 

FIG.  14  is  a  view  in  longitudinal  cross-section  of  a 
ninth  embodiment  of  this  invention; 

FIG.  15  is  a  view  in  longitudinal  cross-section  of  a 
tenth  embodiment  of  this  invention;  and 

FIG.  16  is  a  view  in  longitudinal  cross-section  of  an 
eleventh  embodiment  of  this  invention. 

DESCRIPTION  OF  THE  EMBODIMENTS 

Rod  shaped  penetrators  launched  at  high  velocities 
from  medium  caliber  guns  are  effective  against  some 
types  of  armor.  Since  rod  penetrators  are  characteristi¬ 
cally  long  and  thin,  sabot  launching  techniques  are 
conventionally  employed.  The  sabot  in  this  case  is  es¬ 
sentially  a  light  weight  piston  of  diameter  larger  than 
the  penetrator,  and  which  supports  the  heavier  penetra- 
tor.  In  the  launching  or  firing  process,  the  combustion 
gas  acts  against  the  area  of  the  full  diameter  of  the  sabot, 
rather  than  against  the  rod  alone,  in  accelerating  the 
two  in  combination. 

Liquid  propellants  have  several  desirable  characteris¬ 
tics,  such  as  relatively  low  flame  temperature  and  ease 
of  storage  and  handling.  A  major  problem  in  the  use  of 
liquid  propellants  lies  in  the  control  of  the  ballistic  pro¬ 
cess  in  the  combustion  chamber.  Propellant  can  be  ei¬ 
ther  placed  in  the  chamber  before  firing  and  then  be 
ignited;  or  it  can  be  metered  into  the  chamber  during 
the  combustion  process.  The  last  mentioned,  sometimes 
called  preloading,  is  easier  to  do  mechanically,  but  per¬ 
mits  little  control  over  burning  after  ignition.  U.S.  Pat 
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No.  3,763,739  issued  to  D.  P.  Tassie  on  Oct.  9,  1973, 
discloses  a  gun  system  of  this  type.  The  second  men¬ 
tioned,  sometimes  called  force  injection,  permits  con¬ 
trol  over  the  rate  of  burning  through  control  over  the 
rate  of  introduction  of  the  propellant,  but  involves  ex-  5 
tremely  high  pumping  pressures.  Such  high  pressures 
pose  stringent  requirements  on  seals,  fittings  and  struc¬ 
tural  components.  If  the  energy  for  forced  injection  is  to 
be  supplied  from  an  external  source,  the  power  require¬ 
ments  are  very  high.  For  example,  the  power  required  10 
to  pump  3  cubic  inches  of  propellant  across  a  pressure 
drop  of  10,000  psi  in  20  milli-seconds  is  227  hp.  This  can 
be  averaged  over  a  larger  period  in  an  actual  gun  to 
lower  the  peak  value,  but  the  power  requirement  is  still 
unreasonable.  IS 

An  effective  solution  to  the  power  requirement  for 
pumped  injection  is  to  utilize  the  combustion  chamber 
pressure  itself  as  the  source  of  energy  for  pumping. 
Called  regenerative  injection,  this  scheme  uses  a  differ¬ 
ential  area  piston  for  each  propellant.  The  larger  end  of  20 
the  piston  is  acted  on  by  the  chamber  pressure,  and  the 
smaller  end  pressurizes  the  propellant  to  be  injected. 
The  difference  in  areas  generates  a  propellant  pressure 
sufficiently  high  than  the  chamber  pressure  to  achieve 
the  desired  rate  of  injection.  25 

FIRST  EMBODIMENT 

Turning  now  to  FIG.  1,  a  first  embodiment  of  the 
invention  is  shown  as  an  idealized  round  of  ammunition 
having  a  sabot  and  regenerative,  liquid  propellant  30 
pumping  system,  for  use  in  a  gun  which  will  fill  the 
round  with  propellant  before  firing.  The  penetrator  10 
is  here  shown  as  a  rod  which  upon  launching  will  be 
drag  stabilized.  The  sabot  is  a  three  piece  assembly, 
comprising  an  annular  nose  stabilizer  12  fixed  to  the  35 
forward  end  of  the  penetrator,  a  circular  pusher-plate 
14  fixed  to  the  aft  end  of  the  penetrator,  and  a  cylindri¬ 
cal  body  16.  The  body  16  has  an  internal  bore  18  closed 
at  its  aft  end  20,  which  bore  receives  the  plate  14.  The 
aft  end  20  serves  as  an  injector  plate  and  has  a  plurality  40 
of  longitudinal  bores  22  therethrough  serving  as  injec¬ 
tion  passageways.  Each  bore  is  obturated  by  a  respec¬ 
tive  plug  24.  An  aft  recess  26  receives  a  primary  propel¬ 
lant  charge,  here  shown  as  a  solid  primer  28.  One  or 
more  substantially  radially  oriented  bores  30  pass  45 
through  the  side  wall  32  of  the  body  into  the  interface 
between  the  plate  20  and  the  plate  14,  to  serve  as  propel¬ 
lant  fill  passageways.  An  annular  seal  34  is  provided  on 
the  periphery  of  the  plate  14,  and  a  pair  of  annular  xals 
36  are  provided  on  the  periphery  of  the  body  16  strad-  50 
dling  the  fill  passageways. 

The  plugs  24  may  be  embodied  as  relief  valves,  indi¬ 
vidual  plugs,  a  burst  diaphragm  fixed  to  the  forward 
face  of  the  injector  plate,  or  simply  portions  of  the  bore 
material  not  fully  drilled  through,  all  of  which  will  55 
shear  or  open  at  the  desired  pressure  level. 

The  penetrator  and  sabot  assembly  may  be  preloaded 
with  liquid  propellant  through  the  fill  passageways, 
which  are  then  plugged,  before  being  placed  in  the  gun. 
Alternatively,  the  assembly  may  be  placed  in  the  firing  60 
bore  40  of  the  gun  and  then  loaded  with  propellant.  The 
actual  firing  process  is  the  same  for  each  scheme,  and 
loading  within  the  gun  will  be  discussed  with  respect  to 
FIGS.  2A  through  2C. 

As  shown  in  FIG.  2A,  the  penetrator  and  sabot  as-  65 
sembly.  still  without  its  propellant  charge,  has  been 
placed  into  the  breech  of  a  gun  barrel  and  the  breech 
has  been  closed.  The  fill  passageways  30  are  aligned 
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with  suitable  fill  ports  31  in  the  breech  wall  of  the  gun, 
such  as  are  shown  in  U.S.  Pat.  No.  3,763,739,  supra, 
which  must  incorporate  high  pressure  fill  valves  or 
check  valves  which  can  withstand  firing  pressure. 
These  passageways  serve  as  means  for  providing  liquid 
propellant  to  the  round  of  ammunition  in  the  firing 
bore. 

As  shown  in  FIG.  2B,  propellant  is  pumped  into  the 
interface  between  the  injector  plate  20  and  the  pusher 
plate  14,  progressively  pushing  the  pusher  plate  for¬ 
ward  within  the  bore  18  to  create  an  injection  volume 
42  which  receives  a  complete  charge.  Stops  can  be 
provided  to  halt  the  forward  advance  of  the  nose  stabi¬ 
lizer,  or  preferably,  the  charge  can  be  metered.  The 
round  is  shown  fully  charged  and  ready  for  firing. 

As  shown  in  FIG.  2C,  firing  is  initiated  by  setting  off 
the  primer,  which  rapidly  generates  a  small  volume  of 
high  pressure,  hot  gas  in  the  space  43  aft  of  the  injector 
plate  which  serves  as  the  combustion  chamber.  This 
high  pressure  aft  of  the  loaded  round  produces  an  im¬ 
mediate  acceleration  of  the  complete  round.  The  over¬ 
all  force  producing  the  acceleration,  which  force  is 
equal  to  the  chamber  pressure  times  the  chamber  cross- 
sectional  area,  is  exerted  against  the  aft  face  of  the  injec¬ 
tor  plate.  The  penetrator  and  sabot  assembly  has  a  rela¬ 
tively  high  weight  relative  to  the  weight  of  the  body  16 
with  a  correspondingly  relatively  high  inertia.  A  por¬ 
tion  of  the  accelerating  force  is  absorbed  in  accelerating 
the  body  16  per  se,  but  the  remainder  of  the  accelerating 
force  is  transmitted  by  the  forward  surface  of  the  injec¬ 
tor  plate  against  the  charge  of  liquid  propellant.  The 
resultant  pressure  developed  in  the  liquid  is  the  trans¬ 
mitted  force  divided  by  the  liquid  or  injection  volume 
cross-sectional  area.  When  the  ratio  of  the  areas  of  the 
aft  face  of  injector  plate  and  the  injection  volume,  and 
the  body  weight  and  the  total  round  weights  are  prop¬ 
erly  predetermined,  a  liquid  pressure  will  be  generated 
which  is  higher  than  the  chamber  pressure  as  follows: 


Pc 


WTOT 
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where  Pj_  is  liquid  pressure. 

Pc  is  chamber  pressure, 

Ac  is  chamber  area, 

Al  is  liquid  area, 

Wb  is  body  weight,  and 

Wtot's  the  sum  of  the  body,  the  liquid  and  the  pene¬ 
trator  and  sabot  assembly  weights. 

The  difference  between  the  two  pressures  P c  and  Pe¬ 
is  the  driving  force  which  can  be  utilized  for  regenera¬ 
tive  injection. 

The  plugs  24  are  designed  to  open  at  a  predetermined 
difference  in  pressure  between  the  interior  volume  and 
the  combustion  chamber.  These  plugs  serve  as  a  pres¬ 
sure  sensitive  obturating  means.  As  shown  in  FIG.  2C, 
when  this  difference  is  reached,  the  plugs  will  open  and 
propellant  will  flow  into  the  chamber.  The  injection 
passageways  22  serve  to  atomize  or  break  up  the  propel¬ 
lant  streams  through  techniques  similar  to  those  used  in 
rocket  injector  design.  As  the  propellant  streams  ini¬ 
tially  encounter  the  hot  primer  gases  they  ignite,  gener¬ 
ating  more  hot  gas.  Incoming  propellant  continues  to 
ignite  and  the  process  becomes  self-sustaining,  and  gen¬ 
erates  increasing  chamber  pressure,  which  accelerates 
the  process.  The  process  continues  until  the  propellant 
is  expended.  Meanwhile,  the  whole  round  is  being  ac- 
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celerated  along  the  bore  by  what  is  in  effect,  a  traveling 
charge.  MG.  2D  shows  the  round  at  mid-bore  length 
with  the  propellant  partially  expended. 

As  the  round  leaves  the  muzzle,  the  sabot  fore  and  aft 
supports  are  stripped  from  the  penetrator  which  contin-  5 
ues  on  its  course.  FIG.  2E  shows  the  nose  stabilizer  12 
acting  under  wind  forces  to  open  the  body  16  and  free 
the  penetrator. 

The  entire  body  16  is  here  shown  as  engaging  the 
rifling  of  the  bore  40  to  provide  spin  to  the  entire  round  10 
if  a  spin  stabilized  projectile  is  used.  Alternatively  a 
lesser  annular  portion  of  the  body  may  engage  the  ri¬ 
fling. 

SECOND  EMBODIMENT  15 

Frictional  forces  are  developed  between  the  body  16 
and  the  interior  wall  of  the  bore  40  as  the  round  is 
launched,  which  are  a  function  of  the  materials  of  the 
body  16  and  the  bore  40  of  the  gun  barrel.  An  alterna¬ 
tive  embodiment  which  minimizes  such  frictional  forces  20 
is  shown  in  FIG.  3. 

The  penetrator  50  is  here  shown  as  a  rod  which  is 
stabilized  by  a  plurality  of  fins  52.  The  sabot  is  a  three 
piece  assembly  comprising  an  annular  nose  stabilizer  54 
fixed  to  the  forward  end  of  the  penetrator,  a  circular  25 
pusher-plate  56  fixed  to  the  aft  end  and  an  injection 
plate  58  having  a  plurality  of  forwardly,  longitudinally 
extending,  integral  rods  60.  The  pusher  plate  56  has  a 
like  plurality  of  longitudinal  bores  62  with  respective 
annular  seals  64  each  passing  a  respective  one  of  the  30 
rods  60.  The  injector  plate  58  also  has  a  plurality  of 
longitudinal  bores  66  therethrough  each  obstructed  by  a 
respective  plug  68,  and  an  aft  recess  70  receiving  a 
primary  propellant  charge  72,  all  similar  to  the  embodi¬ 
ment  of  FIG.  1.  These  plugs  serve  as  a  pressure  sensitive  35 
obturating  means.  An  annular  seal  74  is  provided  in  the 
periphery  of  the  injector  plate,  and  an  annular  seal  76  is 
provided  in  the  periphery  of  the  pusher  plate.  This 
penetrator  and  sabot  assembly  is  disposed  in  the  gun  for 
filling  with  propellant  with  the  fill  ports  in  the  breech  40 
wall  of  the  gun  aligned  with  the  interface  between  the 
injection  plate  and  the  pusher  plate. 

The  use  of  the  rods  60  upon  which  the  pusher  plate 
can  slide  permits  the  omission  of  the  body  structure,  so 
that  only  the  peripheries  of  the  pusher  plate,  the  injector  45 
plate  and  the  stabilizer  need  contact  the  wall  of  the 
barrel  bore  40.  The  liquid  propellant  is  contained  be¬ 
tween  the  pusher  plate,  the  injector  plate  and  the  wall  of 
the  barrel  bore.  The  necessary  differential  ip  areas  is 
provided  by  the  total  cross-sectional  areas  of  the  rods  50 
60.  The  rods  provide  an  added  advantage  in  the  sabot 
stripping  phase  of  the  launching  cycle  as  they  are  rela¬ 
tively  weaker  and  therefore  easier  to  deflect  radially 
outwardly  than  the  equivalent  cylindrical  body  16. 

Both  of  the  embodiments  described  above  provide  55 
the  following  advantages: 

1.  Controlled  injection  is  achieved  through  regenera¬ 
tive  pumping  action; 

2.  The  inertia  of  the  projectile  itself  is  the  source  of 

the  pumning  force;  60 

3.  The  injection  mechanism  is  incorporated  into  the 
penetrator  and  sabot  assembly,  with  very  little  effect  on 
the  gun  design; 

4.  A  traveling  charge  effect  is  achieved; 

5.  The  injection  system  and  high  pressure  seals  are  65 
used  only  once  for  each  shot  and  are  then  discarded. 

6.  The  sabot  and  projectile  assemblies  may  be  stored 
and  transported  as  essentially  inert,  considering  the 
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primer  to  be  relatively  insignificant.  The  assemblies  do 
not  become  active  until  the  introduction  of  the  propel¬ 
lant.  This  can  be  delayed  until  after  chambering  and 
locking  in  the  gun. 

The  specification  so  far  has  dealt  with  idealized  pro¬ 
jectile  and  sabot  assemblies  and  their  launching  tech¬ 
niques.  Cartridges  embodying  such  assemblies  may  be 
provided  in  at  least  several  different  configurations. 

THIRD  EMBODIMENT 

FIG.  4  shows  the  simplest  pre-filled  cartridge  case 
embodiment.  The  projectile  and  sabot  assembly  are 
crimped  into  a  cartridge  case  100.  The  assembly  com¬ 
prises  a  forward  annulus  102  which  serves  as  a  pusher 
plate  and  has  a  central  bore  104  receiving  a  spin  stabi¬ 
lized  projectile  106  and  a  plurality  of  bores  108  disposed 
in  an  annular  row,  each  receiving  a  respective  one  of  a 
like  plurality  of  rods  110  which  are  respectively  fixed  to 
an  injector  plate  112.  The  injector  plate  has  an  annular 
seal  114  fixed  to  its  periphery  and  a  plurality  on  longitu¬ 
dinal  injection  passageways  116  which  are  closed  by  a 
diaphragm  118  fixed  to  the  forward  face  of  the  plate. 
The  liquid  propellant  charge  120  is  contained  between 
the  annulus  102,  the  plate  112  and  the  inner  wall  122  of 
the  case  100.  The  bore  of  the  case  includes  an  external 
primer  124  in  communication  with  an  internal  booster 
tube  126  disposed  in  the  combustion  chamber  128  which 
is  defined  by  the  base  of  the  case,  the  injector  plate  and 
the  interior  wall  of  the  case.  Upon  ignition  the  injector 
plate  and  its  rods  move  forwardly  relative  to  the  annu¬ 
lus,  rupturing  the  diaphragm  and  injecting  propellant 
into  the  combustion  chamber.  This  diaphragm  serves  as 
a  pressure  sensitive  obturating  means.  The  inner  wall 
122  of  the  case  is  cylindrical  and  coplanar  with  the  inner 
wall  40  of  the  bore  of  the  gun  barrel,  so  that  the  forward 
annulus  and  the  injector  plate  smoothly  leave  the  case 
and  ride  along  the  gun  bore.  The  forward  annulus  may 
be  made  up  of  segments  to  provide  ready  rupture  and 
release  of  the  projectile  when  the  assembly  leaves  the 
gun  bore. 

The  injector  plate  112  may  be  made  of  arched  cross- 
section  for  a  greater  strength  to  weight  ratio. 

The  rods  110  may  be  replaced  with  hollow  tubes 
110a,  as  shown  in  FIG.  4a,  which  are  closed  at  their 
forward  ends  and  open  at  their  aft  ends  so  that  the 
interior  volume  of  each  tube  communicates  with  and  is 
at  the  same  pressure  as  the  combustion  chamber  128. 
This  permits  the  use  of  a  thin  wall  tube  whose  wall 
thickness  become  progressively  thinner  from  front  to 
rear;  since  as  the  length  of  the  tube  exposed  forwardly 
of  the  annulus  102  into  the  atmosphere  increases,  the 
combustion  chamber  pressure  decreases. 

FOURTH  EMBODIMENT 

In  the  embodiments  discussed  above,  all  of  the  injec¬ 
tion  of  the  propellant  into  the  combustion  chamber 
takes  place  through  the  passageways  of  the  injector 
plate.  An  enlarged  ‘Taylor  cavity”  will  be  formed  by 
providing  a  tubular  cylinder  of  propellant  liquid  in  the 
combustion  chamber  as  said  chamber  is  being  enlarged 
by  the  forward  movement  of  the  injector  plate.  The 
"Taylor  cavity"  provides  a  liquid-gas  interface  for  com¬ 
bustion.  This  is  accomplished  by  providing  a  variable 
internal  diameter  in  the  case  which  increases  towards 
the  mouth  of  the  case.  As  shown  in  FIG.  5,  the  bore  150 
of  the  case  may  be  tapered,  or  as  shown  in  FIG.  6,  the 
bore  152  of  the  case  may  be  stepped  to  provide  a  vari- 
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able,  increasing,  orifice  for  the  liquid  propellant  around 
the  periphery  of  the  injector  plate. 

FIFTH  EMBODIMENT 

The  injector  plate  should  be  prevented  from  moving  S 
aft  under  impulse  loads  exerted  by  the  liquid  propellant 
under  conditions  of  vigorous  handling  or  in  the  event  a 
cartridge  is  dropped  on  its  base.  This  can  be  accom¬ 
plished  by  providing  stops  on  the  displacement  rods  aft 
of  their  engagement  with  the  injector  plate;  a  step  can  10 
be  provided  in  the  interior  wall  of  the  case  aft  of  the 
injector  plate;  or  the  injector  plate  may  be  fastened  to 
the  interior  wall  of  the  case  by  a  weak  joint  which  will 
rupture  under  the  firing  forces.  To  further  minimize  the 
effects  of  handling  loads  the  stops  may  be  made  resil-  IS 
ient.  As  shown  in  FIG.  7,  the  interior  wall  154  may  be 
provided  with  a  step  155  to  abut  the  outer  margin  of  the 
injector  plate  155.  A  helical  spring  150  may  be  captured 
between  an  additional  step  162  and  the  injector  plate  to 
resiliency  fix  the  inputs  plate  and  to  permit  it  to  move  20 
aft  slightly  before  abuting  the  positive  shoulder  156. 

SIXTH  EMBODIMENT 

In  the  embodiment  shown  in  FIG.  8,  a  p refilled  case 
is  provided  which  has  an  interior  annular  wall  200  ex-  2S 
tending  from  the  base  202  which  together  with  the 
injector  plate  204  and  its  peripheral  seal  205  defines  an 
initial  combustion  chamber.  An  external  primer  206 
communicates  with  an  internal  booster  208  disposed  in 
the  initial  combustion  chamber.  A  plurality  of  rigid,  30 
spaced  apart,  partitions  210  extend  inwardly  from  the 
interior  wall  212  of  case  which  is  tapered  progressively 
inwardly  from  the  base  to  the  neck  214  to  provide  a 
series  of  compartments  216  of  decreasing  volume,  each 
opening  into  a  central  bore  217.  As  described  with  re-  35 
spect  to  FIG.  4,  the  injector  plate  is  fixed  to  rods  218 
which  are  journaled  through  respective  bores  219  in  an 
annulus  220  which  retains  the  projectile  222.  The  bore 
223  of  the  neck  is  coplanar  with  the  gun  bore  40.  Liquid 
propellant  is  stored  forward  of  the  injection  plate  in  the  40 
compartments  216  and  in  the  central  bore.  The  propel¬ 
lant  in  the  central  bore  is  injected  into  the  combustion 
chamber  by  the  injection  plate  as  discussed  with  respect 
to  FIG.  4.  The  propellant  in  each  open  compartment 
216  tends  to  remain  in  place  and  to  ignite  as  its  compart-  45 
ment  is  exposed  to  the  initial  combustion  chamber  as  the 
injection  plate  moves  forward,  also  providing  a  “Taylor 
Cavity"  effect. 

SEVENTH  EMBODIMENT  *  jq 

FIGS.  9  and  10  show  a  dry  loaded  cased  cartridge 
embodiment,  similar  to  the  case  of  FIG.  4.  The  car¬ 
tridge  is  provided  with  a  case  250  having  a  primer  252 
communicating  with  a  booster  charge  254,  and  a  projec¬ 
tile  and  sabot  assembly.  The  sabot  includes  an  injector  55 
plate  256  having  a  peripheral  seal  258  and  a  plurality  of 
longitudinally  extending  rods  260  fixed  thereto  and 
respectively  journaled  through  bores  261  in  an  annulus 
262  which  has  a  peripheral  seal  264  and  an  axial  bore 
266  receiving  a  projectile  268.  A  stabilizing  ring  270  is  60 
retained  against  non-firing  loads  aft  of  the  mouth  of  the 
case  as  by  cementing  or  crimping  and  has  a  like  plurality 
of  bores  272  journaling  said  rods  260  and  an  axial  bore 
274  adapted  to  pass  the  projectile.  A  plurality  of  radial 
bores  276  are  disposed  through  the  case  in  an  annular  65 
row  to  serve  as  propellant  filling  passageways.  In  the 
stored  configuration,  as  shown  in  FIG.  9,  the  annulus 
262  is  nested  aft,  close  to  the  injector  plate,  without  any 
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liquid  propellant,  and  the  seals  258  and  264  straddling 
the  row  of  bores  276.  After  the  case  has  been  1  canted 
into  the  gun  and  the  gun  breech  has  been  locked,  the 
liquid  propellant  charge  is  pumped  through  aligned 
ports  in  wall  of  the  breech  of  the  gun  as  described  witit 
respect  to  FIG.  2B.  The  injector  plate  is  prevented  from 
aftward  movement  by  suitable  means,  such  as  the  stops 
described  with  respect  to  FIG.  7.  As  the  liquid  propel¬ 
lant  charge  is  pumped  into  the  interface  between  the 
injector  plate  and  the  annulus,  it  forces  the  annulus 
forward  until  it  is  stopped  by  the  stabilizing  ring,  which 
provides  an  automatic  metering  device  for  the  filling 
operation. 

Both  pre-loaded  and  dry-loaded  cased  cartridges 
share  the  following  advantages: 

1.  Sealing  of  the  breech  is  provided  by  the  case. 

2.  The  priming  system  is  conveniently  provided  for 
each  round. 

3.  A  misfired  round  can  be  completely  extracted  by 
extracting  the  case. 

The  dry-loaded  cartridge  has  the  additional  follow¬ 
ing  advantages  for  shipping  and  handling: 

1.  The  projectile  is  telescoped  within  the  case  for 
shipping  and  for  loading  into  the  gun.  This  minimizes 
the  length  of  the  parts  to  be  handled. 

2.  The  cartridge  is  relatively  safe.  In  the  absence  of 
propellant,  the  primer  and  booster  are  the  only  combus¬ 
tible  components  present. 

3.  The  propellant  is  loaded  separately  through  con¬ 
trol  valves  and  piping.  This  can  be  controlled  remotely 
if  necessary. 

4.  The  breech  is  closed  before  the  propellant  is 
charged  into  the  cartridge,  providing  additional  safety. 

EIGHTH  EMBODIMENT 

FIGS.  II  and  12  show  a  dry-loaded  uncased  car-  , 
tridge,  which  is  loaded,  locked,  filled  and  fired  in  a 
manner  similar  to  the  cased  cartridge  of  FIGS.  9  and  10. 
The  sabot  and  projectile  assembly  comprises  an  injector 
plate  300  having  a  peripheral  seal  302  and  a  plurality  of 
longitudinally  extending  rods  304  fixed  thereto  and 
respectively  journaled  through  bores  305  in  an  annulus 
306  which  has  a  peripheral  seal  307  and  an  axial  bore 
308  receiving  a  projectile  310.  A  stabilizing  ring  312  has 
a  like  plurality  of  bores  314  journaling  said  rods  304  and 
an  axial  bore  316  adapted  to  pass  the  projectile.  As 
shown  in  FIG.  13,  a  primer  and  booster  assembly  com¬ 
prises  a  sleeve  318  which  cemented  to  the  aft  face  of  the 
injector  plate  300.  The  sleeve  is  molded  of  solid  propel¬ 
lant,  of  sufficient  strength  to  provide  a  small  combus¬ 
tion  chamber  320  initially,  but  which  will  ultimately 
burn.  A  combustible  primer  322  is  fixed  in  a  cup  324  in 
the  exterior  of  the  base  of  ihe  sleeve  and  which  commu¬ 
nicates  by  a  passageway  326  with  the  combustion  cham¬ 
ber  320.  The  forward  end  of  the  sleeve  is  closed  with  a 
plug  328  which  may  be  cemented.  Radially  extending 
flame  passageways  330  are  provided  through  the  walls 
of  the  sleeve.  These  passageways  are  initially  closed,  as 
by  plugs,  being  only  partially  formed  through,  or  cov¬ 
ered  by  a  diaphragm.  Loose  powder  is  disposed  in  the 
combustion  chamber. 

The  length  of  the  primer  and  booster  assembly  is 
made  equal  to  the  length  of  the  combustion  chamber  of 
the  gun.  When  the  cartridge  is  chambered  and  the 
breech  is  locked,  the  primer  322  is  adjacent  the  face  332 
of  the  breech  block,  and  may  be  ignited  by  a  conven¬ 
tional  percussion  firing  pin  334,  or  electrical  firing 
means.  The  primer  ignites  the  loose  powder  immedi- 
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ately,  generating  hot  gases  which  rupture  the  flame 
passageway  closures  and  pass  into  the  combustion 
chamber.  The  molded  combustible  sleeve  burns  more 
slowly  than  the  loose  powder,  but  eventually  all  is  con¬ 
sumed.  The  hot  gas  initiates  the  regenerative  liquid 
propellant  injection  process  as  described  previously. 

The  dry-loaded  caseless  cartridges  have  the  follow¬ 
ing  advantages: 

1.  The  system  is  completely  combustible.  The  gun 
chamber  is  completely  empty  after  each  shot. 

2.  The  primary  system  is  an  integral  part  of  the  car¬ 
tridge  as  supplied  to  the  gun. 

3.  The  primary  system  may  be  fabricated  using  con¬ 
ventional  caseless  ammunition  technology. 

NINTH  EMBODIMENT 

FIG.  14  shows  a  recoiless  gun  embodiment  of  a  case¬ 
less  cartridge  similar  to  that  shown  at  FIG.  12.  The 
sabot  and  projectile  assembly  comprises  an  injector 
plate  400  having  a  peripheral  seal  402  and  a  plurality  of  20 
longitudinally  extending  rods  404  fixed  thereto  and 
respectively  journaled  through  bores  405  in  an  annulus 
406  which  has  a  peripheral  seal  408  and  an  axial  bore 
410  receiving  a  projectile  412.  A  stabilizing  ring  414  has 
a  like  plurality  of  bores  416  journaling  said  rods  404  and  25 
an  axial  bore  418  adapted  to  pass  the  projectile.  A  prim¬ 
ing  system  comprising  a  sleeve  420  which  may  be 
molded  of  solid  propellant  is  cemented  to  the  aft  face  of 
the  injector  plate  400.  The  sleeve  has  radially  extending 
flame  passageways  422  which  are  initially  closed  and  30 
contains  loose  powder  which  may  be  ignited  by  an 
electrical  firing  system  424.  A  frangible  diaphragm  426 
is  cemented  to  the  aft  end  of  the  sleeve.  The  initial 
combustion  chamber  is  provided  within  the  sleeve,  and 
the  subsequent  combustion  chamber  is  defined  between  35 
the  injection  plate  and  the  diaphragm.  The  diaphragm  is 
adapted  to  burst  at  a  pressure  which  is  high  enough  to 
insure  that  initiating  combustion  has  been  achieved. 

The  gun  427  includes  suitable  ports  428  to  pass  liquid 
propellant  to  the  interface  between  the  injection  plate  40 
400  and  the  annulus  406.  The  gun  also  includes  a  con¬ 
verging/diverging  nozzle  430  in  lieu  of  the  conven¬ 
tional  closed  breech.  This  nozzle  may  be  of  the  type 
shown,  for  example,  in  U.S.  Pat.  Nos.  2,444,949, 
2,696,760,  2,790,353  and  3,610,093.  The  nozzle  provides  45 
an  expansion  chamber  and  a  venturi  orifice  therein  to 
allow  a  sufficient  amount  of  the  combustion  gases  to 
expand  and  escape  rearwardly,  thereby  stabilizing  the 
gun  against  recoil.  The  nozzle  may  be  made  separable 
from  the  breech  to  permit  loading  of  the  cartridge.  FIG.  50 
14  shows  the  annulus  406  midway  in  its  forward  advance 
during  the  loading  with  liquid  propellant 

TENTH  EMBODIMENT 

FIG.  15  shows  a  recoiless  gun  embodiment  of  a  55 
cased,  preloaded  cartridge.  The  cartridge  includes  a 
case  500  having  a  side  502,  a  shoulder  504,  a  neck  506 
and  a  base  plate  508  threaded  into  the  side  502.  A  pro¬ 
jectile  510  is  crimped  into  the  neck,  and  is  received  in 
the  firing  bore  512  of  the  gun.  The  base  plate  508  has  60 
central  bore  514  with  an  annular  seal  516  to  pass  the 
neck  518  of  a  tubular  injector  and  nozzle  assembly.  This 
assembly  includes  an  annular  injection  plate  520  having 
an  annular  seal  522  integral  with  the  forward  end  of  the 
neck  and  a  converging/diverging  nozzle  523  integral  65 
with  the  aft  end  of  the  neck.  A  frangible  diaphragm  524 
is  cemented  over  the  forward  end  of  the  tube  and  an 
annular  priming  system  526  is  cemented  onto  the  dia- 
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phragm.  The  priming  system  is  similar  to  a  torus  of 
square  cross-section,  having  flame  passageways,  loose 
powder,  and  an  electrical  firing  system  whose  leads 
may  be  brought  through  the  diaphragm  and  out  the 
5  bore  of  the  neck  and  the  nozzle  or  through  the  sidewall 
of  the  case.  Liquid  propellant  is  stored  in  the  chamber 
defined  by  the  base  plate  508,  the  injection  plate  520,  the 
side  502,  and  the  neck  518. 

This  embodiment  does  not  provide  a  traveling 
10  charge.  Ignition  of  the  primary  system  ruptures  the 
diaphragm  and  moves  the  injector  and  nozzle  assembly 
aft,  which  in  turn  provides  regenerative  pumping  for¬ 
wardly  of  the  liquid  propellant  through  the  passage¬ 
ways  of  the  injector  plate. 

ELEVENTH  EMBODIMENT 

FIG.  16  shows  a  recoilless  gun  embodiment  of  a 
cnsed  cartridge  employing  a  reaction  or  compensating 
mass  of  the  type  shown  in  U.S.  Pat.  No.  1,108,716.  This 
embodiment  does  not  provide  a  traveling  charge.  In  its 
simplest  form,  the  gun  includes  a  firing  bore  600  open  at 
both  ends.  A  projectile  602  and  an  injector  and  reaction 
mass  assembly  are  secured  in  a  tubular  cartridge  case 
603  which  is  disposed  in  the  bore  600.  The  assembly 
comprises  a  solid  reaction  mass  604  having  a  peripheral 
seal  606  and  a  central  bore  with  an  annular  seal  607,  in 
which  is  journaled  a  rod  608  to  whose  forward  end  is 
fixed  an  injection  plate  610  having  a  peripheral  seal  612. 
A  priming  system  614  is  fixed  to  the  forward  face  of  the 
injection  plate.  The  priming  system  may  comprise  a 
sleeve  molded  of  combustible  material  with  flame  pas¬ 
sageways,  filled  with  loose  powder,  and  having  an  elec¬ 
trical  firing  means  which  may  be  brought  out  through 
the  rod  608.  Firing  is  initiated  by  hot  gases  generated  by 
the  priming  system  in  the  combustion  chamber  defined 
between  the  projectile  and  the  ignition  plate.  The  liquid 
propellant  is  stored  in  the  chamber  defmed  between  the 
injection  plate  and  the  reaction  mass,  and  serves  as  part 
of  the  total  reaction  mass,  so  that  the  solid  mass  actually 
ejected  out  the  breech  of  the  gun  is  less  than  required  by 
fixed,  solid  propellants.  In  a  caseless  embodiment,  not 
shown,  the  case  is  omitted  and  the  liquid  propellant  is 
injected  as  discussed  with  respect  to  FIG.  2B. 

It  is  contemplated  that  the  inventive  concepts  herein¬ 
above  described  may  be  variously  otherwise  embodied 
and  combined  without  departing  from  the  inventive 
principles  included  and  intended  to  be  covered  by  '.he 
appended  claims,  except  insofar  as  limited  by  the  prior 
art. 

What  is  claimed  is: 

1.  A  weapon  system  comprising: 
a  gun;  and 

a  round  of  ammunition; 

said  gun  having  a  firing  bore  closed  by  a  breech  face; 
said  round  of  ammunition  disposed  in  said  firing  bore 
adjacent  said  breech  face; 
said  round  of  ammunition  including: 
a  relatively  high  mass  projectile  means  having  an 
aft  face;  and 

a  relatively  low  mass  piston,  longitudinally  spaced 
from  said  projectile,  having  an  aft  face  of  rela¬ 
tively  large  cross-sectional  area  spaced  from  said 
breech  face  and  a  forward  face  of  relatively 
:all  cross-sectional  area,  a  passageway  there¬ 
through,  communicating  between  said  aft  and 
forward  faces  of  said  piston,  and  a  pressure  sensi¬ 
tive  obturating  means,  obturating  said  passage¬ 
way  and  adapted  to  open  said  passageway  upon 
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■  predetermined  pressure  being  provided  on  said 
forward  face;  and 

said  firing  bore  has  an  extension  aft  of  said  breech 
face  formed  as  a  converging/diverging  nozzle,  and 
said  breech  face  is  provided  by  a  burstable  diaphragm  5 
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disposed  in  said  firing  bore  aft  of  said  round  and 
forward  of  said  nozzle. 


10 


IS 


20 


25 


I 


30 


35 


40 


45 


3 


55 

i 


\ 

60 


65 


United  States  Patent  m 

Tassie 

[54]  GUN  MISFIRE  CONTROL 

[75]  Inventor:  Douglas  P.  Tassie,  St.  George,  Vt. 

[73]  Assignee:  General  Electric  Company, 
Burlington,  Vt. 

[21]  Appl.  No.:  935,050 

[22]  Filed:  Aug.  18,  1978 

Related  U.S.  Application  Data 

[63]  Continuation  of  Ser.  No.  778,769,  Mar.  17,  1977,  aban¬ 
doned. 

[51]  Int.  O.2 .  F41D7/02 

[52]  U.S.C1 .  89/7;  89/11 

[58]  Field  of  Search .  89/7,  9,  11,  181 


[11]  4,193,335 

[45]  Mar.  18, 1980 

[56]  References  Cited 
FOREIGN  PATENT  DOCUMENTS 

534689  3/1922  France  .  89/11 

Primary  Examiner — Stephen  C.  Bentley 
Attorney,  Agent,  or  Firm — Bailin  L.  Kuch 

[57]  ABSTRACT 

A  mechanism  is  provided  to  detect  the  occurrence  of  a 
misfire  in  an  automatic  gun  and  for  thereupon  halting, 
prior  to  the  unlocking  of  the  gun,  the  further  operation 
of  the  gun;  which  is  particularly  adapted  to  liquid  pro¬ 
pellant  guns  having  a  rotating  drum. 
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GUN  MISFIRE  CONTROL 

This  application  is  a  continuation  of  Ser.  No.  778,769 
filed  Mar.  17,  1977,  now  abandoned.  5 

The  U.S.  Government  has  rights  in  this  invention 
pursuant  to  Contract  No.  N00123-75-C-0670  awarded 
by  the  Department  of  Defense. 

BACKGROUND  OF  THE  INVENTION  |0 

1.  Field  of  the  Invention. 

This  invention  relates  to  a  mechanism  for  detecting 
the  occurrence  of  a  misfire  in  an  automatic  gun  and  for 
thereupon  halting  the  further  operation  of  such  gun. 

2.  Prior  Art  15 

In  a  conventional,  single  barrel,  selfpowered,  auto¬ 
matic  gun  firing  cased  ammunition,  when  a  misfire  oc¬ 
curs,  the  gun  stops  in  its  operating  cycle,  sometimes 
after  having  unlocked  the  bolt.  If  the  misfire  is  a  true 
dud,  the  operator  usually  merely  cycles  the  gun  to  eject  20 
the  dud  and  to  chamber  and  lock  a  fresh  round.  If  the 
misfire  is  a  hangfire  and  if  the  bolt  is  unlocked  when  the 
hangfire  occurs,  it  may  cause  a  wrecked  gun. 

In  a  conventional,  single  barrel,  externally  powered, 
automatic  gun  firing  cased  ammunition,  when  a  misfire  25 
occurs,  the  gun  continues  its  operating  cycle.  If  the 
misfire  is  a  true  dud,  the  gun  will  eject  the  dud,  and 
chamber  and  lock  a  fresh  round.  If  the  misfire  is  a  hang¬ 
fire  and  if  the  bolt  is  unlocked  when  the  hangfire  occurs, 
it  will  cause  a  wrecked  gun.  30 

Similar  problems  occur  in  multibarreled  guns,  and  in 
guns  firing  caseless  ammunition,  whether  using  solid  or 
liquid  propellant. 

SUMMARY  OF  THE  INVENTION  3J 

It  is  an  object  of  this  invention  to  provide  a  mecha¬ 
nism  to  detect  the  occurrence  of  a  misfire  in  an  auto¬ 
matic  gun  and  for  thereupon  positively  halting,  prior  to 
the  unlocking  of  the  gun,  the  further  operation  of  the 
gun.  40 

It  is  a  further  object  to  provide  such  a  mechanism 
which  is  particularly  adapted  to  liquid  propellant  guns 
having  a  rotating  drum. 

A  feature  of  this  invention  is  the  provision  of  a  cam 
which  is  coupled  to  the  gun  and  which  rotates  in  syn-  45 
chronism  with  the  operating  cycle  of  the  gun,  pressure 
sensitive  means  for  detecting  the  firing  of  a  round  and  in 
the  absence  of  such  firing,  for  positively  halting  rotation 
of  the  cam  after  the  time  for  firing  and  before  the  time 
for  unlocking  the  gun  bolt.  ’  50 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  advantages  and  features  of 
the  invention  will  be  apparent  from  the  following  speci¬ 
fications  thereof  taken  in  conjunction  with  the  accom-  55 
panying  drawing  in  which: 

FIG.  I  is  schematic  of  an  exemplary  liquid  propellant 
gun  system  as  disclosed  in  U.S.  Pat.  No.  3,763,739; 

FIG.  2  is  a  timing  diagram  of  the  gun  of  FIG.  1; 

FIG.  3  is  a  side  view  in  cross-section  taken  along  the  60 
plane  III  —  III  of  FIG .4;  and 

FIG.  4  is  an  end  view  in  cross-section  of  an  embodi¬ 
ment  of  this  invention  in  combination  with  the  gun  of 
FIG.  1  taken  along  plane  IV — IV  of  FIG.  3. 

DESCRIPTION  OF  THE  INVENTION  65 

The  gun  system  shown  in  FIG.  1  is  disclosed  in 
greater  detail  in  U.S.  Pat.  No.  3,763,739,  issued  to  D.  P. 


Tassie  on  Oct.  9,  1973.  The  gun  includes  a  receiver  10, 
in  which  is  fixed  a  barrel  12  having  a  bore  14.  The  aft 
end  of  the  bore  is  chambered  at  16  to  provide  a  combus¬ 
tion  chamber  and  to  receive  a  projectile  18  having  an 
O-ring  seal  and  a  rotating  band.  The  receiver  includes  a 
bolt  body  having  a  bolt  head  having  a  central  bore  in 
which  an  electrode  34  is  fixed  in  a  dielectric  sleeve,  and 
appropriate  seal  rings.  The  bolt  has  a  transversely  pro¬ 
jecting  roller  42  which  rides  in  a  cam  slot  44  in  a  drum 
cam  46,  and  which  cam  is  driven  by  a  motor  47.  The 
receiver  includes  two  additional  longitudinal  bores  48 
and  50  in  which  two  pistons  52  and  54  respectively 
slide.  The  two  pistons  are  coupled  aft  by  a  yoke  56 
which  has  a  transversely  projecting  roller  58  which 
rides  in  a  cam  slot  60  in  the  cam  46.  Two  spools  62  and 
64  respectively  slide  in  the  forward  portions  of  the 
bores  48  and  50.  The  spools  are  respectively  fixed  to 
two  rods  66  and  68  which  are  coupled  aft  by  a  yoke  70 
which  has  a  transversely  projecting  roller  72  which 
rides  in  .a  cam  slot  74  in  the  cam  46.  Two  propellant 
reservoirs  80  and  82  are  pressurized  by  suitabl  supplies 
of  gas  and  are  respectively  coupled  by  conduits  84  and 
86  to  the  bores  48  and  50.  The  supply  of  electrical  en¬ 
ergy  to  the  electrode  for  the  purpose  of  igniting  the 
liquid  propellant  may  also  be  controlled  by  the  drum 
cam  46  by  means  of  a  suitable  cam  and  switch,  not 
shown. 

A  gas  port  100  is  provided  in  the  gun  barrel  12  for¬ 
ward  of  the  forcing  cone  and  the  start  of  the  rifling. 
Combustion  gas  pressure  is  available  at  this  port  100 
only  if  the  round  has  fired  and  its  projectile  has  moved 
forward  past  this  port.  A  conduit  102  is  fitted  to  this 
port. 

A  stop  cam  104  is  fixed  to  the  drum  cam  46.  The  stop 
cam  is  substantially  annular  and  may  be  fixed  to  the 
drum  cam  by  an  annular  row  of  splines  103. 

A  stop  mechanism  108  is  fixed  to  the  gun  housing  for 
cooperation  with  the  stop  cam  104.  The  mechanism 
includes  a  housing  109,  which  as  a  side  cover  110,  and 
provides  a  rectangular  cavity  112  open  at  the  top,  in 
which  is  slid  a  bifurcated  yoke  114.  A  pawl  stop  116  is 
pivotably  mounted  between  the  bifurcations  by  a  dowel 
pin  118.  The  base  120  of  the  paw!  stop  has  a  projecting 
detent  122  and  two  detent  recesses  124  and  126.  A 
spring  loaded  ball  plunger  128  is  disposed  in  a  bore  130 
in  the  base  of  the  yoke  and  is  adapted  to  engage  one  or 
the  other  of  recesses  124  and  126.  The  conduit  102 
terminates  in  a  fitting  132  which  is  threaded  into  a  bore 
134  in  the  housing.  The  fitting  has  a  longitudinal  bore 
136  in  which  is  disposed  a  piston  138.  The  distal  end  of 
the  piston  138  abuts  the  lower  end  140  of  the  pawl  stop 
116.  Thus  gas  pressure  in  the  conduit  102  will  project 
the  piston  138  to  swing  the  pawl  stop  counter-clockwise 
(as  seen  in  FIG.  4)  until  the  detent  122  abuts  a  shoulder 
142  on  the  yoke,  and  the  ball  plunger  128  enters  the 
detent  recess  124  to  hold  the  pawl  stop  in  that  position. 
A  shock  block  144  is  fixed  to  the  base  of  the  housing  and 
has  a  spring  load  plunger  146  fixed  to  a  hydraulic 
damper  and  supports  the  yoke  114  in  the  cavity  112.  A 
microswitch  150  is  threaded  into  a  bore  152  in  the  hous¬ 
ing  and  has  a  spring  loaded  activator  with  a  cam  fol¬ 
lower  154  extending  into  the  cavity  and  adapted  to  abut 
a  cam  surface  156  on  the  base  of  the  yoke.  Should  the 
yoke  slide  down  in  the  cavity  against  the  urging  of  the 
plunger  146.  the  ramp  portion  of  the  cam  surface  156 
will  ride  against  the  cam  follower  154  and  actuate  the 
microswitch  150. 
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The  drum  cam  104  has  a  peripheral  cam  surface  106 
which  is  of  constant  radius,  except  at  a  point  107 
whereat  it  starts  to  progressively  rise  until  a  high  point 
111  whereat  it  abruptly  falls  back  to  the  constant  radius, 
providing  a  radial  shoulder  113.  The  drum  cam  104 
rotates  counter-clockwise  (as  seen  in  FIG.  4). 

In  normal  operation,  the  cam  rotates  counter-clock¬ 
wise,  and  shortly  after  the  high  point  111  passes  its 
angular  orientation  115  at  which  time  the  gun  fires,  gas 
under  pressure  exits  the  gun  barrel  bore  100  to  enter  the 
conduit  102  to  project  the  piston  138,  to  rotate  the  pawl 
stop  116  counter-clockwise  so  that  the  tip  143  of  the 
pawl  stop  is  swung  out  of  the  path  of  the  shoulder  113, 
until  the  detent  122  engages  the  shoulder  142  and  the 
ball  plunger  128  engages  the  recess  124.  As  the  cam 
continues  its  rotation,  the  high  point  111  strikes  the 
surface  147  of  the  pawl  stop  116  and  swings  the  pawl 
stop  clockwise  until  the  tip  143  of  the  pawl  stop  rides  on 
the  constant  radius  surface  of  the  cam  and  the  ball 
plunger  128  engages  the  recess  126.  The  cycle  of  opera¬ 
tion  just  described  is  repeated  for  each  gun  cycle. 

However,  in  the  event  of  a  misfire,  no  gas  pressure  is 
provided  in  the  conduit  102  and  the  plunger  is  not  pro¬ 
jected  to  clear  the  pawl  stop.  The  tip  143  of  the  pawl 
stop  engages  the  shoulder  113  to  halt  further  rotation  of 
the  cam.  Deceleration  is  provided  by  shoulder  113  driv¬ 
ing  the  pawl  stop  116  and  the  yoke  114  against  the 
urging  of  the  spring  loaded  plunger  146  of  the  shock 
block.  As  the  yoke  descends,  it  actuates  the  micro¬ 
switch  to  cut  off  power  to  the  drive  motor.  The  gun 
cycle  is  thus  halted  before  the  unlocking  of  the  gun  bolt 
occurs. 

What  is  claimed  is: 

1.  An  automatic  gun  having  an  operating  cycle  and 
comprising: 

a  gun  barrel  having  a  gun  bore  and  a  projectile  re¬ 
ceiving  chamber; 

first  means  for  closing  and  locking  said  chamber; 

second  means  operating  in  synchronism  with  and 
controlling  the  operating  cycle  of  said  gun,  includ¬ 
ing  a  first  cam  rotating  in  synchronism  with  the 
operating  cycle  of  said  gun; 

third  means  coupled  to  said  gun  barrel  and  to  said 
second  means  for  detecting  the  firing  out  of  a  pro¬ 
jectile  from  said  chamber,  and  in  the  absence  of 
said  firing,  for  positively  halting  operation  of  said 
second  means  after  the  time  for  firing  and  before 
the  time  for  unlocking  said  chamber  by  said'first 
means,  including  detent  means  having  a  first  posi¬ 
tion  whereat  it  clears  said  first  cam,  and  a  second 
position  whereat  it  halts  said  first  cam  at  a  first 
predetermined  angular  orientation  of  said  first  cam; 
and 

said  first  cam  including  additional  means  to  cyclically 
set  said  detent  means  to  said  second  position  at  a 
second  predetermined  orientation  of  said  first  cam. 

2.  A  gun  according  to  claim  1  wherein: 

said  third  means  includes 

detector  means  coupled  to  and  between  said  gun 
bore  and  said  detent  means  for  detecting  the 
presence  of  combustion  gas  in  said  gun  bore  and 
for  thereup  setting  said  detent  means  to  said  first 
position  thereof. 

3.  A  gun  according  to  claim  2  wherein: 

said  additional  means  of  said  first  cam  functions  each 
gun  operating  cycle  before  the  time  for  firing;  and 
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said  detector  means  functions,  if  at  all,  after  the  time 
for  firing  and  before  the  time  for  unlocking  said 
chamber. 

4.  A  gun  according  to  claim  3  wherein: 

S  said  detector  means  includes  a  conduit  coupled  into 
said  gun  bore  forward  of  said  chamber  to  convey 
combustion  gas  under  pressure  to  said  detent 
means. 

5.  A  gun  according  to  claim  4  wherein: 

10  said  first  cam  includes  a  rotating  shoulder:  and 

said  detent  means  includes  a  pivoting  dog  adapted  to 
be  swung  into  and  out  of  the  orbit  of  said  shoulder. 

6.  An  automatic  gun  having  an  operating  cycle  in¬ 
cluding  load,  lock,  fire  and  unlock  operations  in  se¬ 
ts  quence; 

a  gun  barrel  having  a  gun  bore  and  a  projectile  and 
propellant  receiving  chamber; 
first  means  for  closing  and  locking  said  chamber; 
second  means  for  firing  propellant  disposed  within 
20  said  chamber; 

third  means  for  operating  said  first  means  to  close  and 
lock  said  chamber,  for  subsequently  operating  said 
second  means  for  firing  any  propellant  disposed 
within  said  chamber,  and  for  yet  subsequently  op- 
23  erating  said  first  means  to  unlock  and  open  said 
chamber,  including  a  first  cam  rotating  in  synchro¬ 
nism  with  the  operating  cycle  of  said  gun  and  con¬ 
trolling  said  operating  cycle; 
fourth  means  coupled  to  said  gun  barrel  and  to  said 
30  third  means  for  detecting  the  firing  of  propellant 
within  said  chamber  and  in  the  absence  of  such 
detection,  for  positively  halting  the  operation  of 
said  third  means  after  the  time  for  firing  by  said 
second  means  and  before  the  time  for  unlocking  by 
>5  said  first  means,  including  detent  means  having  a 
first  position  whereat  it  clears  said  first  cam.  and  a 
second  position  whereat  it  positively  halts  said  first 
cam  at  a  first  predetermined  angular  orientation  of 
said  first  cam; 

40  and  said  first  cam  including  additional  means  to  cycli¬ 
cally  set  said  detent  means  to  said  second  position 
at  a  second  predetermined  orientation  of  said  first 
cam. 

7.  A  gun  according  to  claim  6  wherein: 

45  said  fourth  means  includes 

detector  means  coupled  to  and  between  said  gun 
bore  and  said  detent  means  for  detecting  the 
presence  of  combustion  gas  in  said  gun  bore  and 
for  thereup  setting  said  detent  means  to  said  first 
50  position  thereof. 

8.  A  gun  according  to  claim  7  wherein: 

said  additional  means  of  said  first  cam  functions  each 
gun  operating  cycle  before  the  time  for  firing;  and 
said  detector  means  functions,  if  at  all,  after  the  time 
55  for  firing  and  before  the  time  for  unlocking  said 
chamber. 

9.  A  gun  according  to  claim  8  wherein: 

said  detector  means  includes  a  conduit  coupled  into 
said  gun  bore  forward  of  said  chamber  to  convey 
60  combustion  gas  under  pressure  to  said  detent 

means. 

10.  A  gun  according  to  claim  9  wherein: 

said  first  cam  includes  a  rotating  shoulder;  and 
said  detent  means  includes  a  pivoting  dog  adapted  to 
65  be  swung  into  and  out  of  the  orbit  of  said  shoulder. 

11.  An  automatic  gun  having  an  operating  cycle  in¬ 
cluding  load,  lock,  fire  and  unlock  operations  in  se¬ 
quence; 
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a  gun  barrel  having  a  gun  bore  and  a  projectile  and 
propellant  receiving  chamber; 

first  means  for  closing  and  locking  said  chamber; 

second  means  for  firing  propellant  disposed  within 
said  chamber  and  for  generating  gas  pressure  in  S 
said  chamber; 

third  means  for  operating  said  first  means  to  close  and 
lock  said  chamber,  for  subsequently  operating  said 
second  means  for  firing  any  propellant  disposed 
within  said  chamber,  and  for  yet  subsequently  op-  10 
erating  said  first  means  to  unlock  and  open  said 
chamber; 

fourth  means  coupled  to  said  gun  barrel  and  to  said 
third  means  for  detecting  the  generation  of  gas 
pressure  in  said  chamber  and  in  the  absence  of  such  IS 
detection,  for  positively  halting  the  operation  of 
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said  third  means  after  the  time  for  firing  by  said 
second  means  and  before  the  time  for  unlocking  by 
said  first  means; 

said  third  means  including  a  first  cam  rotating  in 
synchronism  with  the  operating  cycle  of  said  gun 
and  controlling  said  operating  cycle;  and 
said  fourth  means  including  detent  means  having  a 
first  position  whereat  it  clears  said  first  cam,  and  a 
second  position  whereat  it  positively  halts  said  first 
cam  at  a  first  predetermined  angular  orientation  of 
said  first  cam;  and 

said  first  cam  means  including  additional  means  to 
cyclically  set  said  detent  means  to  said  second  posi¬ 
tion  at  a  second  predetermined  orientation  of  said 
first  cam. 


20 


25 


30 


35 


40 


*5 


50 


55 


60 


65 


[11] 

P5] 


4,215,620 

Aug.  5, 1980 


United  States  Patent  iwj 


Tassie  et  al. 


[54] 

IGNITION  DEVICE 

[75] 

Inventors: 

Douglas  P.  Tassie,  St.  George,  Vt.; 
Robert  A.  Pustell,  Andover,  Mass. 

[73] 

Assignee: 

General  Electric  Company, 
Burlington,  Vt. 

[21] 

Appl.  No.: 

849,736 

[22] 

Filed: 

Not.  9, 1977 

[62] 

Related  U.S.  Application  Data 

Division  of  Ser.  No.  723,367,  Sep.  15,  1976,  Pat.  No. 
4,085,653. 

[51] 

[52] 

Int.  CV  .... 

u.s.  a . 

.  F42B  33/10 

.  86/1  R;  102/46; 

174/102  P;  89/7 
174/102  P.  118;  89/7; 
102/38  R,  46;  86/1  R 


[56]  References  Cited 

US.  PATENT  DOCUMENTS 


2,341,235  2/1944  Palmer .  174/102  P 

2,657,248  10/1953  Smils  .  174/118  X 

3,056.576  10/1962  Haefner  .  102/46  X 

3,724,383  4/1973  Galiaghan  .  102/46 

3,754,506  8/1973  Parker  .  102/46 

3,763.739  10/1973  Tassie .  89/7 


Primary  Examiner — Harold  J.  Tudor 
Attorney,  Agent,  or  Firm — Bailin  L.  Kuch 

[57]  ABSTRACT 

An  igniter  assembly  for  use  in  liquid  propellant  guns 
comprises  an  outer  tubular  conductor  and  an  inner  con¬ 
ductor  spaced  apart  by  a  volume  of  tightly  packed, 
irregular  granules  of  an  insulating  material,  such  as  a 
mineral  powder.  The  outer  conductor  is  supported  in  a 
longitudinal  bore  of  a  gun  bolt. 
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IGNITION  DEVICE 
RELATED  PATENTS 

This  application  is  a  division  of  Ser.  No.  723,367  filed 
Sept.  15,  1976,  and  issued  on  Apr.  25,  1978  as  U.S.  Pat. 
No.  4,085,653. 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  ignition  devices  for  use  in  a 
high  mechanical  shock  environment,  such  as  the  igni¬ 
tion  of  liquid  propellant  in  a  gun,  or  the  ignition  of  fuel 
in  a  jet  engine. 

2.  Prior  Art 

The  use  of  an  igniter,  per  se,  in  a  liquid  propellant  gun 
is  shown  by  Broussard  in  U.S.  Pat.  No.  2,088,503,  issued 
July  27,  1937;  Rost  in  U.S.  Pat.  No.  2,129,875,  issued 
Sept.  13,  1938;  Barbieri  et  al  in  U.S.  Pat.  No.  3,326,084, 
issued  June  20,  1967;  Myers  in  U.S.  Pat.  No.  3,673,917, 
issued  July  4,  1972;  Nelson  et  al  in  U.S.  Pat.  No. 
3,728,937,  issued  Apr.  24,  1973;  Tassie  in  U.S.  Pat.  No. 
3,763,739,  issued  Oct.  9,  1973;  and  Broxholm  et  al  in 
U.S.  Pat.  No.  3,949,642,  issued  Apr.  13,  1976.  Of  these, 
Tassie  and  Broxholm  et  al  show  the  igniter  coaxially 
mounted  in  the  gun  bolt,  as  does  Mitchell  in  U.S.  Pat. 
No.  3,608,492,  issued  Sept  28,  1971  in  a  gun  firing  case¬ 
less  ammunition. 

The  conventional  igniter  is  an  assembly  of  solid,  rigid 
parts.  The  main  insulator  is  usually  a  hard,  high-fire 
ceramic,  which  is  then  combined  with  seals  and  fitted 
inside  a  strong,  outer  case  which  also  serves  as  the  outer 
conductor  or  electrode.  The  center  electrode  together 
with  seals  is  fitted  through  a  longitudinal  bore  in  the 
main  insulator.  In  a  high  mechanical  shock  environ¬ 
ment,  i.e.,  high  pressure  pounding,  the  assembly  deterio¬ 
rates;  the  seals  deteriorate;  the  ceramic  cracks,  or  one 
part  slips  with  respect  to  another.  Such  slippage  causes 
more  breakage;  the  seal  fails,  combustion  gas  leaks,  and 
eventually  the  igniter  even  fails  to  spark. 

Accordingly,  it  is  an  object  of  this  invention  to  pro¬ 
vide  an  igniter  which  is  unaffected  by  a  high  mechanical 
shock  environment. 

An  additional  object  of  this  invention  is  to  provide  a 
gun  bolt  and  igniter  assembly  which  is  effective  in  a 
liquid  propellant  gun. 

Another  object  of  this  invention  is  to  provide  a  pro¬ 
cess  for  the  manufacture  of  such  an  igniter. 

A  feature  of  this  invention  is  the  provision  of  an  ig¬ 
niter  assembly  comprising  an  outer  tubular 'conductor 
and  an  inner  conductor  spaced  apart  by  a  volume  of 
tightly  packed,  irregular  granules  of  an  insulating  mate¬ 
rial,  such  as  a  mineral  powder.  The  outer  conductor  is 
supported  in  a  longitudinal  bore  of  a  gun  bolt. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  advantages  and  features  of 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa¬ 
nying  drawing  in  which: 

FIG.  1  is  a  top  plan  view,  in  longitudinal  cross-sec¬ 
tion  through  the  gun  bolt,  of  a  liquid  propellant  gun 
utilizing  an  ignition  device  embodying  this  invention. 

DESCRIPTION  OF  THE  EMBODIMENT 

A  liquid  propellant  gun,  for  example,  as  is  shown  in 
the  FIGURE,  comprises  a  gun  barrel  10  having  a  bore 
12,  a  breech  14  having  a  bore  16  and  a  pair  of  swinging 
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lock  blocks  18  and  29,  an  annular  seal  22  at  the  interface 
of  the  barrel  and  the  breech,  and  a  gun  bolt  24.  The  gun 
bolt  reciprocates  in  the  bore  16  and  enters  and  obturates 
the  bore  12.  The  bolt  is  locked  in  its  obturating  station 
5  by  the  lock  blocks  18  and  20  which  may  be  swung 
between  the  recesses  26  and  28  in  the  breech  and  the 
recesses  30  and  32  in  the  bolt.  A  projectile  34  may  be 
chambered  in  the  bore  12  and  a  supply  of  liquid  propel¬ 
lant  may  be  inletted  into  the  chamber  between  the  pro- 
10  jectile  and  the  bolt.  An  exemplary  system  is  shown  in 
Tassie,  U.S.  Pat.  No.  3,763,739. 

The  gun  bolt  has  a  longitudinal  bore  therethrough 
having  a  first  portion  38,  a  shoulder  40,  a  second  portion 
42  of  smaller  diameter  than  said  first  portion,  a  shoulder 
15  44,  and  a  third  portion  46  of  smaller  diameter  than  said 
second  portion. 

An  igniter  50  is  fixed  within  the  bore  of  the  gun  bolt. 
The  igniter  comprises  an  outer  tube  52,  an  inner  rod  54, 
a  volume  56  of  irregular  tightly  packed  together  parti- 
20  cles  spacing  the  rod  concentrically  within  the  tube, 
except  proximal  to  the  face  58  of  the  bolt,  wherein  a 
void  60  to  serve  as  a  spark  chamber  is  provided  between 
the  tube  52  and  the  rod  54.  An  annulus  62  may  be  fixed 
2;  within  the  void  to  close  the  exposed  end  face  of  the 
volume  of  particles.  In  an  exemplary  igniter,  the  tube  52 
is  made  of  a  relatively  workable,  conductive  material 
such  as  321  stainless  steel,  the  rod  54  is  made  of  303 
stainless  steel  wire,  (both  chosen  for  corrosion  resis- 
jq  tance)  and  the  insulating  material  56  is  magnesium  oxide 
powder  (MgO).  The  annulus  62  is  a  hard  fired  ceramic 
bead.  The  seals  63  around  the  annulus  62  are  made  of  a 
resilient  material  which  is  not  soluble  in  the  particular 
propellant  or  fuel  which  is  to  be  ignited,  e.g.,  fluorocar- 
35  bon  elastomer. 

The  igniter  50  is  advantageously  manufactured  by 
compression  techniques.  In  using  a  rotary  swaging  tech¬ 
nique,  the  rod  54  is  initially  positioned  within  the  empty 
tube  52.  The  insulating  powder  56  is  poured  into  the 
40  tube  and  is  either  tamped  or  vibrated  to  a  light  degree  of 
compaction.  Alternatively,  the  rod  54  may  be  threaded 
into  a  number  of  crushable  MgO  beads,  and  this  assem¬ 
bly  slid  into  the  empty  tube  52.  The  ends  of  the  filled 
tube  52  are  then  closed,  as  by  plugs  or  welding,  to  pre- 
43  vent  the  powder  and  wire  from  being  forced  out  of  the 
tube  during  subsequent  compaction.  The  closed  assem¬ 
bly  of  tube,  rod  and  powder  is  fed  into  a  set  of  rotating 
dies  between  hammers  in  a  cage.  As  the  dies  rotate,  they 
open  and  close  on  the  tube  to  reduce  its  external  diame- 
30  ter.  The  first  pass  collapses  and  eliminates  all  internal 
voids.  Successive  passes  further  reduce  the  diameter 
and  increase  the  length  of  the  assembly  by  the  formula 
V\  =  Vi  where  F;  =  volume  before  the  pass  and 
V2  =  volume  after  the  pass,  and  irR\lL\  —  irRi1Li.  In 
5;  essence,  the  tube  and  its  internal  parts  are  concurrently 
squeezed  out  from  between  the  die.  As  an  alternative  to 
rotary  swaging,  drawing,  rolling,  press  swaging,  or 
plain  hammering  on  an  anvil  die  could  be  used. 

After  compaction,  the  aft  portion  70  of  the  tube  52  is 
60  machined  to  reduce  its  external  diameter  and  to  pro¬ 
duce  a  step  or  shoulder  72  which  is  congruent  with  the 
shoulder  44,  and  the  plugged  ends  are  removed.  The 
forward  or  pressure  or  chamber  portion  74  of  the  tube 
52  tightly  fits  into  the  bore  postion  42  while  the  aft 
65  portion  70  loosely  fits  into  the  bore  portion  46  and  is 
brazed  therein.  The  shoulders  72  and  44  are  in  tight 
abutment.  The  chamber  end  of  the  tube  is  welded  at  76 
(e  g.  fusion  process)  to  the  shoulder  40  of  the  gun  bolt. 
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The  essential  characteristic  of  the  insulating  powder 
is  that  it  must  be  so  tightly  compressed  by  the  outer  tube 
54  that  there  is  no  space  left  for  any  particle  of  that 
powder  or  for  any  part  of  any  other  element  of  the 
assembly  to  shift  into  under  any  pressure  applied  during  $ 
use  of  the  igniter.  MgO  was  selected  because  it  has  good 
physical  and  dielectric  properties  at  high  temperature, 
and  because  its  irregular  particles  interlock  together 
and  into  the  adjacent  metal  surfaces  under  swaging 
better  than  any  other  material  presently  known.  Other  10 
metal  oxide  mineral  dielectric  material  may  be  used. 

The  void  60  is  provided  by  air  blasting  out  a  quantity 
of  particles  from  the  chamber  end  of  the  igniter  to  ex¬ 
pose  a  length  of  the  exterior  surface  of  the  inner  con¬ 
ductor  and  interior  surface  of  the  outer  tube  to  act  as  15 
electrodes. 

This  process  of  manufacture  of  collapsing  the  outer 
tube  about  the  loose  powder  and  the  center  conductor 
so  tightly  that  everything  is  interlocked  and  cannot 
move  irrespective  of  externally  applied  pressure,  pro-  20 
vides  an  assembly  which  behaves  as  if  it  were  a  solid  rod 
of  metal  having  the  handling  characteristics  of  the  outer 
tube.  Thus,  pressure  pulses  beating  on  the  forward  face 
of  the  igniter  cannot  in  any  way  disturb  any  of  the  parts 
of  the  igniter  unless  the  outer  tube  expands,  thereby 
loosening  the  powder.  The  gun  bolt  tightly  fits  around 
the  igniter  and  supports  it  as  a  sheath  both  radially  and 
longitudinally. 

The  annulus  62  does  not  fail  under  pressure  pulses  ^ 
because  it  is  firmly  and  evenly  supported  by  the  com¬ 
pact,  r)  powder  56  in  the  direction  of  the  force,  i.e.  lon¬ 
gitudinally,  of  the  pulses.  In  all  other  directions  the 
force  of  the  pulses  is  simultaneously  equal,  and  subjects 
the  annulus  only  to  a  compressive  stress  which  it  can  35 
easily  withstand. 

The  function  of  the  annulus  62  and  its  seals  is  to  pre¬ 
vent  contaminants  within  the  combustion  chamber  from 
entering  the  chamber  face  of  the  volume  of  powder. 

It  may  be  noted  that  the  manufacturing  process  of  40 
this  invention  is  quite  different  than  conventionally  used 
in  making  dielectric  powder  filled  conduit.  In  the  manu¬ 
facture  of  conduit  there  is  a  step  to  soften  the  powder  in 
the  conduit  so  that  it  will  flow  with  respect  to  the  inner 
and  outer  conductors  when  the  conduit  is  bent,  and  a  4; 
step  to  anneal  the  outer  conductor.  In  contradistinction, 
the  igniter  of  this  invention  must  be  rigid  and  permit  no 
relative  movement  of  its  internal  elements.  The  pressure 
pulses  apply  extremely  high  pressure  on  the  surface  and 
interior  interfaces  of  the  volume  of  powder.  No  give  or  jo 
movement  of  the  outer  tube  or  internal  elements  is  per¬ 
mitted.  In  the  conventional  conduit  there  is  no  pressure 
on  the  surface  or  interior  interfaces  of  the  powder  in  the 
tube. 

It  should  be  noted  that  the  invention  herein  is  not  55 
limited  to  a  single  inner  conductor,  a  plurality  of  mutu¬ 
ally  spaced  apart  conductors  may  be  supported  by  the 
particles  of  dielectric  material  and  held  by  the  outer 
tube. 
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What  is  claimed  is: 

1.  A  process  for  the  manufacture  of  an  igniter  com¬ 
prising: 

providing  an  assembly  of  an  outer  tube  of  conductive 
metal,  an  inner  rod  of  a  conductive  metal,  and  an 
intermediate  volume  of  irregular  particles  of  metal 
oxide  mineral  dielectric  material  spacing  said  rod 
within  said  tube; 

compressing  and  reducing  the  diameter  of  the  outer 
tube  radially  about  said  intermediate  volume  and 
the  rod  to  remove  all  voids  in  said  intermediate 
volume  and  to  interlock  and  imbed  said  particles  of 
said  intermediate  volume  with  each  other  and  the 
adjacent  metal  surfaces  of  said  rod  and  said  tube; 
and 

removing  a  portion  of  said  volume  after  said  com¬ 
pressing  step  to  provide  a  spark  chamber  wherein  a 
portion  of  said  inner  rod  is  exposed  to  a  portion  of 
said  outer  tube. 

2.  A  process  according  to  claim  1  wherein: 

said  compressing  step  reduces  the  diameter  and  in¬ 
creases  the  length  of  said  assembly. 

3.  A  process  according  to  claim  1  further  including: 

removing  a  portion  of  said  volume  after  said  com¬ 
pressing  step  to  provide  a  spark  chamber  wherein  a 
portion  of  said  inner  rod  is  exposed  to  a  portion  of 
said  outer  tube. 

4.  A  process  according  to  claim  I  further  including: 

fixing  an  end  portion  of  said  assembly  which  includes 

said  spark  chamber  within  an  additional  tube  to 
provide  additional  radial  support  to  said  outer  tube. 

5.  A  process  for  the  manufacture  of  an  igniter  com¬ 
prising: 

providing  an  assembly  of  an  outer  tube  of  conductive 
metal,  an  inner  rod  of  a  conductive  metal,  and  an 
intermediate  volume  of  irregular  particles  of  metal 
oxide  mineral  dielectric  material  spacing  said  rod 
within  said  tube; 

compressing  and  reducing  the  diameter  of  the  outer 
tube  radially  about  said  intermediate  volume  and 
the  rod  to  remove  all  voids  in  said  intermediate 
volume  and  to  imbed  the  peripheral  particles  of 
said  volume  into  the  adjacent  surfaces  of  said  tube 
and  rod;  and 

removing  a  portion  of  said  volume  after  said  com¬ 
pressing  step  to  provide  a  void  at  a  first  end  of  said 
volume,  said  void  being  defined  by  an  exposed 
portion  of  said  inner  rod  mutually  confronting  an 
exposed  portion  of  said  outer  tube,  and  the  end  face 
of  said  volume. 

6.  A  process  according  to  claim  5  further  including: 

fixing  said  igniter  into  an  additional  tube  to  provide 

additional  radial  support  to  said  outer  tube. 

7.  A  process  according  to  claim  6  further  including: 

providing  mutual  interlocking  shoulders  on  the  exte¬ 
rior  of  said  outer  tube  and  the  interior  of  said  addi¬ 
tional  tube  to  preclude  relative  movement  in  one 
longitudinal  direction. 
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IGNITION  SYSTEM 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention  5 

This  invention  relates  to  an  ignition  system,  utilizing 

adiabatic  heating  of  gas,  for  liquid  propellants. 

2.  Prior  Art 

Liquid  propellant  guns  are  well  known,  and  are 
shown,  for  example,  in  U.s.  Pat.  No.  4,023,463,  issued  to  10 
D.  P.  Tassie,  on  May  17,  1977  and  in  U.S.  Pat.  No. 
4,051,762,  issued  to  E.  Ashley,  on  Oct.  4,  1977.  Such 
guns,  firing  non-hypergolic  propellants,  require  an  ini¬ 
tial  pulse  of  hot,  high  pressure  gas  in  the  combustion 
chamber  to  start  the  firing  process  for  each  shot.  For  15 
repetitive  firing,  sequential  pulses  must  be  provided. 
When  pyrotechnic  primers  are  utilized,  the  expended 
primer  must  be  replaced  after  each  shot  as  shown  in 
U.S.  Pat.  No.  4,051,762.  Electric  spark  ignition  will 
work  only  with  electrically  conductive  propellants,  as  20 
shown  in  U.S.  Pat.  No.  4,023,463.  Non-conductive  pro¬ 
pellants,  such  as  Otto  Fuel  II,  cannot  be  easily  ignited. 
They  must  be  confined  and  exposed  to  conditions  of 
sufficient  temperature  and  pressure  for  combustion  to 
occur.  U.S.  Pat.  No.  3,576,103,  issued  to  P.  B.  Kahn,  on  25 
Apr.  27,  1971,  shows  ignition  of  a  monopropellant  by 
adiabatic  compression.  This  is  accomplished  by  com¬ 
pressing  a  preloaded  volume  of  propellant  by  means  of 
a  spring-loaded  plunger  which  must  be  manually 
cocked  and  seared  for  each  shot.  30 

An  object  of  this  invention  is  to  provide  a  series  of 
adiabatic  ignition  pulses  for  non-hypergolic  propellants 
for  burst  firing. 

Another  object  is  to  provide  each  such  pulse  with  an 
extended,  controlled  duration.  35 

A  feature  of  this  invention  is  the  provision  of  a 
booster  charge  of  liquid  propellant  from  a  main  supply 
to  adiabatically  compress  a  quantity  of  gas  and  then 
progressively  inject  the  booster  charge  into  the  heated 
gas.  40 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects,  features  and  advantages  of 
the  invention  will  be  apparent  from  the  following  speci¬ 
fication  thereof  taken  in  conjunction  with  the  accompa-  45 
nying  drawing  in  which: 

FIG.  1  is  a  longitudinal  cross-section  of  an  ignition 
system  embodying  this  invention;  and 

FIG.  2  is  a  detail  of  the  structure  of  the  differential 
piston  of  the  ignition  system  of  FIG.  1.  *  50 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

An  ignition  system  for  liquid  propellants  which  uses 
adiabatic  compression  of  air  or  gas  as  the  initiating  55 
source  of  combustion  is  shown  in  FIG.  1. 

A  housing  10  of  a  gun  has  a  main  combustion  cham¬ 
ber  with  bore  12  in  which  is  disposed  in  part  a  main 
body  14  of  the  igniter.  A  relief  cap  16  is  disposed  on  the 
projecting  end  of  the  body.  A  retaining  cap  18  is  60 
threaded  at  20  into  the  bore  12  and  presses  a  plurality  of 
bellevillc  washers  22  against  the  relief  cap  16  to  seat  the 
body  14  in  the  bore  12.  A  valve  rod  26  is  fixed  to  the 
relief  cap  16  and  has  a  helical  or  other  shaped  relief 
groove  28  therein  adjacent  to  said  cap.  65 

The  valve  body  includes  a  longitudinally  extending 
bore  portion  30  of  relatively  large  diameter,  a  longitudi¬ 
nally  extending  bore  portion  32  of  relatively  small  diam- 


2 

eter,  a  longitudinally  extending  annular  recess  34,  an 
annular  groove  36,  a  radially  extending  bore,  or  bores, 
38  coupling  said  groove  36  and  said  bore  portion  32.  and 
a  longitudinally  extending,  fine  bore,  or  bores,  39  cou¬ 
pling  said  recess  34  with  a  plurality  of  radial  grooves  40. 

A  supply  line  41  for  liquid  propellant  is  coupled  to  the 
annular  groove  36.  An  injection  piston  42  is  coupled  to 
the  line  41  to  meter  a  quantity  of  propellant  through  the 
bore  38  into  the  bore  portion  32.  The  piston  may  be 
driven  by  suitable  periodic  drive  means,  such  as  a  cam 
43  or  a  crank  rod  (not  shown).  A  differential  piston 
assembly  44  has  a  rod  46  and  multipart  head  48.  The 
head  48  is  shown  schematically  in  FIG.  1  and  in  greater 
detail  in  FIG.  2.  and  is  constructed  in  accordance  with 
Ser.  No.  2,038,  filed  Jan.  8,  1979  by  E.  Ashley.  The  head 
48  has  a  relatively  larger  working  area  to  its  ignition 
chamber  adjacent,  or  forward,  face,  and  a  relatively 
smaller  working  area  to  its  supply  chamber  adjacent  or 
aft  face,  and  includes  an  outer  annular  sleeve  50  sup¬ 
porting  one  or  more  inner  annuli  52.  The  parts  are  inter- 
fitted  and  normally  biased  closed  by  the  difference  in 
pressure  on  the  two  faces  of  the  piston  head  augmented 
by  the  force  of  the  spring  62,  but  permit  limited  relative 
movement  to  provide  passageways  through  the  head 
from  the  aft  face  54  to  the  forward  face  56  when  the 
force  on  the  aft  face  is  greater  than  the  force  on  the 
forward  face,  i.e.,  the  equivalent  of  a  plurality  of  poppet 
valves.  The  rod  46  and  the  head  48  have  a  longitudinal 
bore  58  therethroug  in  which  is  journaled  the  stationary 
valve  rod  26.  A  plurality  of  radially  extending  spray 
bores  60  extend  through  the  piston  rod  46  to  the  bore 
58.  A  helical  spring  62  is  captured  between  a  clip  64 
fixed  to  the  aft  end  of  the  piston  and  a  shoulder  66  on 
the  bore  portion  30,  and  serves  to  bias  the  piston  aft. 

A  unidirectional  flow  or  check  valve  68  has  a  valve 
rod  70  and  a  head  72  with  a  longitudinally  extending 
central  bore  74  in  which  is  journaled  the  piston  rod  46. 
The  check  valve  is  of  the  type  shown  in  U.S.  Pat.  No. 
4,023,463.  issued  May  17,  1977,  to  D.  P.  Tassie.  A  heli¬ 
cal  spring  76  is  captured  between  a  clip  78  fixed  to  the 
aft  end  of  the  valve  rod  and  the  shoulder  66. 

A  plurality  of  radial  holes  80  are  provided  through 
the  tubular  wall  of  the  body  immediately  forward  of  the 
pi'ton  head,  when  the  piston  head  is  in  its  aftmost  posi¬ 
tion. 

A  plurality  of  radial  holes  82  are  provided  through 
the  tubular  wall  of  the  retaining  fitting  18  aligned  with 
the  interface  of  the  relief  cap  16  and  the  body. 

An  annular  gap  84  is  provided  between  the  outer 
cylindrical  surface  of  the  body  and  the  inner  cylindrical 
surface  of  the  retaining  fitting  in  the  region  between  the 
holes  80  and  82. 

Ring  seals  are  provided  at  86,  88,  90  and  92. 

Liquid  propellant  is  forced  through  the  bore  38  into 
the  bore  portion  32  by  the  injection  piston  42  at  high 
pressure.  The  liquid  shifts  the  check  valve  and  the  dif¬ 
ferential  piston  forwardly,  so  that  liquid  passes  through 
the  developed  gap  between  the  head  of  the  check  valve 
and  the  body  against  the  aft  face  of  the  head  of  the 
differential  piston.  The  pressure  on  the  aft  face  of  the 
head  is  greater  than  the  pressure  on  the  forward  face, 
maintaining  the  rings  of  the  piston  head  closed  together. 

As  the  differential  piston  moves  forwardly  it  closes 
off  the  holes  80,  trapping  gas  between  the  front  face  of 
the  differential  piston  and  the  relief  cap  16,  which  with 
the  adjacent  inner  wall  of  the  body,  define  an  ignition 
chamber.  Before  the  first  shot,  the  gas  will  be  air.  but 
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after  firing  the  gas  will  be  a  mixture  of  air  and  combus¬ 
tion  products.  Continuing  forward  movement  of  the 
differential  piston,  against  the  bias  of  its  spring,  under 
the  influence  of  the  entering  high  pressure  liquid  from 
the  injection  piston,  continues  to  compress  the  gxs.  This  ' 
movement  is  rapid  so  dial  a  minimum  of  heat  is  lost  to 
the  walls,  and  a  maximum  of  heat  is  retained  by  the 
compressed  gas.  This  forward  movement  and  g3s  com¬ 
pression  continue  until  the  holes  60  come  over  the  heli¬ 
cal  relief  groove  28  on  the  stationary  valve  rod.  Liquid  10 
pressure  is  higher  than  gas  pressure,  by  Pascal's  Law, 
anti  liquid  propellant  is  forced  through  the  holes  60  and 
the  relit*"  groove  into  the  combustion  chamber.  The 
groove  is  dv  igned  to  discharge  the  liquid  propellant  as 
a  spray  into  the  combustion  chamber  where  it  contacts 
the  hot  compressed  gas  therein  and  ignites. 

As  soon  as  this  liquid  propellant  begins  to  burn  in  the 
confined  combustion  chamber,  the  pressure  of  the  gas  in 
the  combustion  chamber  will  rise.  When  the  force  de- 
velopcd  by  the  gas  pressure  forward  of  the  piston  head 
exceeds  the  force  developed  by  liquid  pressure  aft  of  the 
piston  head,  regenerative  action  begins.  The  rings  of  the 
piston  head  open  and  the  piston  head  and  the  check 
valve  head  move  aft.  initially  closing  the  check  valve.  ^ 
The  charge  of  liquid  propellant  trapped  forward  of  the 
check  valve  is  progressively  injected  through  the  open 
rings  of  the  differential  piston  head  into  the  combustion 
chamber  as  the  differential  piston  head  is  forced  aft  by 
the  combustion  gas  pressure.  The  holes  80  through 
which  the  air  originally  entered  wiil  not  be  exposed  and 
opened  until  the  differential  piston  has  almost  com¬ 
pleted  its  afiward  stroke.  The  high  temoerature  com¬ 
bustion  gas  is  passed  out  of  the  combustion  chamber,  to 
ignite  the  main  charge  of  liquid  propellant  in  the  gun,  jj 
when  the  combustion  gas  pressure  becomes  sufficiently 
high  to  compress  ihe  bellevtle  washers  24  lo  unseat  ihe 
relief  cap  16  to  ailow  the  combustion  gas  to  flow  out 
through  ihe  holes  82.  This  occurs  before  the  completion 
of  the  differential  "tston  stroke,  and  as  the  differential  40 
piston  continues  ns  afiward  movement,  a  sustained 
pulse  of  ignition  gas  is  passed  out  through  the  hoies  82. 

The  fine  bore  29  and  the  groove  40  provide  a  vent  to 
allow  leakage  to  be  relieved  10  a  passageway  100  in  ihe 
housing  10  of  the  uun,  which  opens  to  atmospheric  4; 
pressure.  This  vein  also  serves  to  provide  the  differ¬ 
ences  in  area  between  the  front  and  the  rear  faces  of  the 
differential  piston  head. 

The  advantages  of  this  igniter  may  be  recapitulated 
as:  •  so 

1.  No  pyrotechnic  primer  or  electrical  firing  pulse  is 
required  lo  initiate  ignition. 

2.  The  ignition  charge  of  liquid  propellant  can  be 
repetitively  and  accurately  metered  into  the  igniter. 

3.  The  regenerative  piston  provides  a  prolonged  flow  55 
or  pulse  of  ignition  gas  for  ignition  of  the  main  liquid 
pro|>cllanl  charge. 

4  Any  convenient  mechanical  or  hydraulic  means 
can  be  used  to  repetitively  provide  ihe  initiating  liquid 
injection  pressure.  no 

I  claim: 

1.  An  ignition  system  for  liquid  propellant  compris¬ 
ing: 

a  first  chamber. 

a  piston  having  a  head  disposed  in  said  first  chamber  t>5 
and  dividing  said  first  chamber  into  an  ignition 
chamber  and  a  liquid  propellant  supply  chamb<  r, 

means  for  admitting  gas  into  said  ignition  chamber: 
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unidirectional  flow  valve  means  for  admitting  liquid 
into  said  supply  chamber  and  for  blocking  loss  of 
liquid  therefrom: 

means  for  providing  under  pressure  a  predetermined 
quanlily  of  liquid  propellant  through  said  unidirec¬ 
tional  How  valve  means  into  said  supply  chamber, 
whereby  said  liquid  propellant  causes  translation  of 
said  head  of  said  piston  in  a  first  direction  to  en¬ 
large  the  volume  of  said  supply  chamber  and  to 
decrease  the  volume  of  said  ignition  chamber,  to 
compress  and  thereby  heat  the  gas; 

first  means  effective  upon  ihe  translation  of  said  head 
to  a  predetermined  minimal  volume  of  said  ignition 
chamber  for  passing  an  initial  quantity  of  liquid 
propellant  from  said  supply  chamber  into  said  igni¬ 
tion  chamber  for  ignition  by  the  therein  com¬ 
pressed  and  heated  gas,  w  hereby  the  ignited  liquid 
propellant  provides  an  increase  in  gas  pressure  in 
said  ignition  chamber  and  causes  translation  of  said 
head  of  said  piston  in  a  second  direction  opposite  to 
said  first  direction  to  enlarge  the  volume  of  said 
ignition  chamber  and  to  decrease  the  volume  of 
said  supply  chamber;  and 

second  means  effective  upon  the  translation  of  said 
head  in  said  second  direction  to  progressively  pass 
the  remaining  quantity  of  liquid  propellant  from 
said  supply  chamber  to  said  ignition  chamber  dur¬ 
ing  the  course  of  movement  in  said  second  direc¬ 
tion  of  said  head. 

2.  An  ignition  system  according  to  claim  1  wherein: 

said  gas  admitting  means  includes 

additional  means  for  providing  a  passageway  into 
said  ignition  chamber; 

said  additional  means  being  open  when  said  head  01 
said  piston  defines  the  minimum  volume  of  said 
supply  chamber;  and 

said  additional  means  being  closed  when  said  head 
of  said  piston  defines  significantly  more  than  the 
minimum  volume  of  said  supply  chamber. 

3  An  ignition  system  according  10  claim  1  further 
including: 

means  for  regularly,  periodically  operating  said  liquid 
propellant  providing  means. 

4.  An  ignition  system  according  to  claim  1  wherein: 

said  head  of  said  piston  has  a  face  adjacent  said  igni¬ 
tion  chamber  of  a  relatively  larger  working  area 
and  a  face  adjacent  said  supply  chamber  of  a  rela¬ 
tively  smaller  working  area. 

5.  An  ignition  system  according  10  claim  4  wherein: 

said  second  means  includes 

means  for  providing  a  passageway  through  said 
head  of  said  piston  from  said  supply  chamber 
adjacent  face  to  said  ignition  chamber  adjacent 
face; 

said  passageway  means  being  closed  when  ihe  pres¬ 
sure  applied  to  said  supply  chamber  adjacent 
face  is  higher  than  ihe  pressure  applied  to  said 
ignition  chamber  adjacent  face;  and 
said  passageway  means  being  open  when  the  pres¬ 
sure  applied  to  said  supply  chamber  adjacent 
face  is  lower  than  Ihe  pressure  applied  to  said 
ignition  chamber  adjacent  lace. 

6.  An  ignition  system  according  to  claim  I  further 
including 

means  for  venting  ignited  liquid  propellant  from  said 
ignition  chamber. 

7  An  ignition  system  according  to  claim  6  wherein: 

s.  cnling  means  includes 
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yel  additional  means  for  providing  a  passageway 
from  said  ignition  chamber; 

5 

said  yet  additional  means  being  closed  when  the 
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pressure  in  said  ignition  chamber  is  below  a  pre¬ 
determined  value;  and 

said  yet  additional  means  being  open  when  the 
pressure  in  said  ignition  chamber  is  above  a  pre¬ 
determined  value. 

*  *  *  *  * 
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(57J  ABSTRACT 

A  gun  of  the  kind  in  which  liquid  propellant  is  burned 
i/i  the  firing  chamber  to  fire  a  projectile  from  the  gun 
is  constructed  so  that  a  number  of  gun  modules  can  be 
comHned  in  a  modular  gun.  Each  gun  module  is  cam 
controlled,  ai  d  a  common  cam  is  used  to  control  each 
gun  module  in  the  modular  gun.  The  cam  can  be  a 
flexible  cam  having  a  belt  configuration  to  permit  the 
gun  modules  to  be  arranged  in  both  circular  groupings 
and  in  non-circular  groupings,  such  as  side  by  side. 
The  modular  gun  includes  fixed,  non-rotating  gun 
-todules  to  eliminate  the  need  for  tangential  velocity 
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correction  factors  in  the  fire  control  and  the  need  to 
accelerate  the  mass  of  the  barrel  assembly  to  opera¬ 
tional  speed.  The  individual  gun  module  includes  pro¬ 
pellant  injection  mechanism  for  injecting  propellant  at 
high  pressure  when  a  non-hypcrgolic  bi-propellant  is 
used  as  the  propellant.  One  or  more  hydraulic  actua¬ 
tors  are  used  to  develop  the  high  injection  pressures 
and  to  operate  other  components  of  the  gun,  such  as 
the  bolt.  The  hydraulic  actuators  are  also  engaged 
with  the  cam  to  interlock  the  actuators  and  the  con¬ 
trols  for  the  actuators  through  the  cam.  A  source  of 
pressurized  hydraulic  fluid  independent  of  the  gun  is 
used  to  power  the  actuators  so  that  tl  e  weight  and 
profile  of  the  gun  are  kept  to  a  minimum.  The  hydrau¬ 
lic  system  includes  a  compound  spot.  I  control  valve 
which  operates  in  a  dual  mode  to  permit  normal  cyclic 
operation  of  the  gun  during  firing  and  to  maintain  the 
gun  in  an  open  bolt  condition  during  armed  but  non¬ 
firing  operations.  The  hydraulic  system  includes  a  mis¬ 
fire  detection  mechanism  and  module  shutdown  valve 
which  locks  a  misfired  gun  module  in  the  closed  boll 
condition  with  the  need  to  depress  rrize  the  hydraulic 
circuits  of  the  other  gun  modules  and  without  the 
need  to  include  additional  bypass  circuits.  The  injec¬ 
tion  mechanism  for  injecting  the  bi-propellznt  in¬ 
cludes  two  pistons  which  are  yoked  together  and  oper¬ 
ated  by  a  single  actuator  to  inject  the  proi«!lant  into 
the  firing  chamber  both  in  metered  amounts  and  in  a 
constant  mix  ratio.  The  pistons  for  injecting  the  bi- 
propellant  include  valves  ir,  the  pistons,  and  the  pis¬ 
tons  are  drawn  through  the  fuel  on  retraction  strokes 
of  the  pistons.  The  injection  mechanism  is  retracted 
away  from  the  firing  chamber  after  the  firing  of  a 
burst  to  isolate  the  propellant  in  the  injection  mecha¬ 
nism  from  the  heat  of  the  firing  chamber.  A  rotary 
lock  is  mounted  closely  adjacent  the  bolt  mechanism 
and  engages  a  relieved  area  of  the  bolt  in  the  locked 
position  cf  the  lock  so  that  a  quite  small  force  on  the 
lock  will  hold  the  oolt  mechanism  locked  against  high 
combustion  chamber  pressures  tending  to  open  the 
bolt. 

14  Claims,  33Drawing  Figures 
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This  invention  relates  to  a  gun  of  the  kind  in  which 
liquid  propellant  is  burned  in  the  firing  chamber  to  fire 
the  projectile  from  the  gun.  5 

This  invention  relates  particularly  to  a  liquid  propel¬ 
lant  gun  constructed  as  an  individual  gun  module  so 
that  a  number  of  gun  modules  can  be  combined  in  a 
modular  gun. 

In  conventional  guns  powder  for  firing  each  projec-  10 
tile  is  carried  in  a  case  attached  to  the  projectile. 

A  liquid  propellant  gun  has  a  number  of  advantages 
over  such  conventional  guns. 

If  a  liquid  propellant  gun  uses  the  same  size  projectile 
as  a  conventional  gun,  the  projectile  feed  for  the  liquid  15 
propellant  gun  can  be  simplified  and  can  be  made  con¬ 
siderably  lighter  in  weight  than  for  a  conventional  gun. 

Or.  a  considerably  larger  charge  can  be  used  for  higher 
performance  without  having  to  increase  the  size  of  the 
projectile  feed  mechanism. 

A  liquid  propellant  gun  can  produce  a  flatter  com¬ 
bustion  chamber  pressure-time  characteristic  than  a 
solid  propellant  gun.  Hence  performance  equivalent  to 
a  solid  propellant  gun  can  be  obtained  at  lower  pres¬ 
sure. 

High  cyclic  rates  of  fire  are  possible  with  a  liquid  pro¬ 
pellant  gun. 

Because  the  propellant  is  a  liquid  the  propellant  can 
be  easily  pumped  to  the  firing  chamber  from  a  storage 
area  remote  from  the  gun  itself.  This  permits  flexibility 
of  installation. 

When  'die  gun  is  installed  in  an  aircraft  and  a  non- 
hypergolic  bi-propellant  is  used,  one  of  the  components 
of  the  non-hypergolic  bi-propellant  can  be  the  fuel  used 
for  the  engine  of  the  aircraft. 

The  liquid  propellant  gun  permits  a  low  profile,  clean 
exterior  design  so  that  an  individual  liquid  propellant 
gun  module,  or  a  modular  grouping  of  liquid  propellant 
gun  modules,  can  be  installed  in  locations  that  would 
not  accommodate  a  conventional  gun. 

It  is  a  primary  object  of  the  present  invention  to  in¬ 
corporate  these  inherent  advantages  of  a  liquid  propel¬ 
lant  gun  in  a  modular  gun. 

Further  objects  of  the  present  invention  include  the 
specific  structures  and  features  of  operation  noted  in 
the  abstract  above. 

Other  and  further  objects  of  the  present  invention 
will  be  apparent  from  the  following  description  and 
claims  and  are  illustrated  in  the  accompanying  draw¬ 
ings  which,  by  way  of  illustration,  show  preferred  em¬ 
bodiments  of  the  present  invention  and  the  principles 
thereof  and  what  are  now  considered  to  be  the  best 
modes  contemplated  for  applying  these  principles. 
Other  embodiments  of  the  invention  embodying  the 
same  or  equivalent  principles  may  be  used  and  struc¬ 
tural  changes  may  be  made  as  desired  by  those  skilled 
in  the  art  without  departing  from  the  present  invention 
and  the  purview  of  the  appended  claims. 


IN  THE  DRAWINGS 

FIG.  1  is  an  isometric  exploded  view  (partially  bro¬ 


ken  away  to  show  details  of  construction)  of  an  individ¬ 
ual  gun  module  constructed  m  accordance  with  one 
embodiment  of  the  present  invention.  FIG.  I  shows  the 
three  main  components  of  an  individual  gun  modu¬ 
le— the  barrel  assembly,  the  receiver  assembly,  and  the 
control  assembly; 


FIG.  2A  and  FIG.  2B  are  a  plan  view  (partly  broken 
av/ay  along  the  line  and  in  the  direction  indicated  by 
the  arrows  2 — 2  in  FIG.  1 1 )  of  the  gun  shown  in  FIG. 

l; 

FIG.  3A  and  FIG.  3B  are  a  side  elevation  view  in 
crass  section  of  the  gun  module  shown  in  FIG.  1; 

FIG.  4  is  a  fragmentary  plan  view  taken  generally 
along  the  line  in  the  direction  indicated  by  the  arrows 
4—4  in  FIG.  9\ 

FIG.  5  is  a  fragmentary  top  plan  view  taken  generally 
along  the  line  and  in  the  direction  indicated  by  the  ar¬ 
rows  5 — 5  in  FIG.  3B; 

FIG.  6  is  an  elevation  view  taken  along  the  line  and 
in  the  direction  indicated  by  the  arrows  6—6  in  FIG. 
3A; 

FIG.  7  is  an  elevation  view  taken  along  the  line  and 
in  the  direction  indicated  by  the  arrows  7—7  in  FIG. 
3B; 

FIG.  8  is  an  elevation  view  taken  along  the  iine  and 
in  the  direction  indicated  by  the  arrows  8 — 8  in  FIG. 
3B; 

FIG.  9  is  an  elevation  view  taken  along  the  line  and 
in  the  direction  indicated  by  the  arrows  9—9  in  FtG. 
3B; 

FIG.  10  is  an  elevation  view  taken  along  the  line  and 
in  the  direction  indicated  by  the  arrows  10—10  in  FIG. 
3B, 

FIG.  11  is  an  elevation  view  taken  along  the  line  and 
in  the  direction  indicated  by  the  arrows  11  —  11  in  FIG. 
3B. 

FIG.  12  is  an  elevation  view  taken  along  the  line  and 
in  the  direction  indicated  by  the  arrows  12—12  in  FIG. 
3A.  FIG.  12  illustrates  how  four  individual  gun  modules 
35  can  be  arranged  in  a  circular  grouping  in  a  modular  gun 
constructed  m  accordance  with  an  embodiment  of  the 
present  invention; 

FIG.  13  is  a  schematic  front  end  elevation  view  illus¬ 
trating  the  way  in  which  the  projectiles  are  spaced  at 
40  one  half  the  pitch  between  adjacent  gun  modules.  FIG. 
13  illustrates  how  four  individual  gun  modules  may  be 
arranged  side  by  side  in  a  modular  gun  constructed  in 
accordance  with  an  embodiment  of  the  present  inven¬ 
tion; 

45  FIG.  14A  and  FIG.  14B  are  a  schematic  diagram  of 
a  hydraulic  drive  control  system  for  a  single  gun  mod¬ 
ule  as  shown  in  FIG.  1; 

FIG.  15  is  a  top  plan  view  of  a  cam  having  a  hollow 
cylindrical  configuration  for  use  with  four  gun  modules 
50  arranged  in  a  circular  grouping  as  best  illustrated  in 
FIG.  12.  Parts  of  FIG.  15  have  been  broken  away  to 
show  the  cam  faces  on  the  interior  surface  of  the  hol¬ 
low  cylindrical  cam; 

FIG.  16  is  an  end  view  of  the  cam  shown  in  FIG.  IS 
and  is  taken  along  the  line  and  in  the  direction  indi¬ 
cated  by  the  a  nows  16 — 16  in  FIG.  15; 

FIG.  17  is  a  fragmentary  cross  sectional  view  like 
FIG.  3A  showing  a  modification  of  the  fuel  injection 
,  mechanism  for  the  gun  module  shown  in  FIG.  1.  FIG. 
°°  I7A  illustrates  how  the  propellant  injection  mechanism 
is  retracted  away  from  the  Firing  chamber  after  the  fir¬ 
ing  of  a  burst; 

FIG.  18  is  an  inside  developed  view  of  the  inside  sur¬ 
face  of  the  hollow  cylindrical  cam  shown  in  FIG.  IS; 

FIG.  19  is  a  fragmentary  cross  section  view  taken 
along  the  line  and  in  the  direction  indicated  by  the  ar¬ 
row*  19-19  in  FIG.  18; 
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FIG.  20  is  a  pictorial  view  of  one  embodiment  of  a 
bolt  locking  mechanism  for  the  gun  module  shown  in 
FIG.  1.  FIG.  20  shows  the  bolt  locking  mechanism  in 
the  unlocked  mode; 

FIG.  21  is  a  view  like  FIG.  20  showing  the  lock  mech¬ 
anism  in  the  locked  mode; 

FIG.  22  is  e  view  like  FIG.  21  but  with  parts  partially 
broken  away  to  show  details  of  construction; 

FIGS.  23  and  24  are  side  elevation  views  of  the  lock 


quence  and  timing  relationship  between  the  various 
components  of  the  gun  while  hydraulic  power  is  the  pri¬ 
mary  energy  source. 

The  cam  for  controlling  the  gun  module  31  is  shown 
in  FIGS.  IS,  16, 18  and  19. 

A  hydraulic  drive  control  system  of  the  control  as¬ 
sembly  37  is  shown  in  schematic  diagram  in  FIGS.  14A 
and  14B. 

The  bolt  and  injector  sub-assembly  of  the  receiver 


mechanism  of  FIGS.  20—21  showing  the  bolt  and  lock  10  assembly  35  is  shown  in  FIG.  29. 


in  the  unlocked  position  in  FIG.  23  and  in  the  locked 
position  in  FIG.  24; 

FIGS.  25  and  26  are  views  like  FIGS.  23  and  24  of  an¬ 
other  embodiment  of  a  lock  mechanism  constructed  in 
accordance  with  the  present  invention;  IS 

FIGS.  27  and  28  are  views  like  FIGS.  23  and  24  of 
still  another  embodiment  of  the  lock  mechanism  con¬ 
structed  in  accordance  with  the  present  invention;  and 

FIG-  29  is  a  pictorial  view  of  the  bolt  and  actuator  20 
sub-assembly. 

An  individual  gun  module  constructed  in  accordance 
with  one  embodiment  of  the  present  invention  is  indi¬ 
cated  generally  by  the  reference  numeral  31  in  FIG.  1. 

25 

The  gun  module  31  includes  three  main  component- 
s — a  barrel  assembly  33,  a  receiver  assembly  35,  and  a 
control  assembly  37. 

The  Bun  module  31  may  be  used  by  itself  or  (as  will  49  ^  ^  ^  inside  and  u,e  oulside 

be  described  tn  greater  detail  below)  may  be  arranged  3“ _ a.  w.  _ _ «...  w. 

in  both  circular  groupings  (as  shown  in  FIG.  12)  or  in 
non-circular  groupings  (as  shown  in  FIG.  13)  to  form 
modular  guns.  The  modular  guns  are  indicated  gener¬ 
ally  by  reference  numerals  39  and  41  in  FIGS.  12  and 
13. 

The  gun  module  31  is  a  liquid  propellant  gun.  The 
gun  burns  a  liquid  propellant  in  the  firing  chamber  to 
propel  the  projectile. 

The  particular  embodiment  of  the  gun  31  shown  in  ... 

the  draw  mgs  and  described  below  is  constructed  to  use  40  »  »  ^“^^^"^'^ubirgroup.ngi 

a  bi-propellant,  a  propellant  having  two  components 
which  are  mixed  in  the  firing  chamber.  The  gun  module 
31  shown  in  FIG.  1  uses  a  non-hypergolic  b: -propellant. 

The  two  components  of  the  bi-propellant  oo  not  ignite 
on  contact. 

Non-hypergolic  bi-propellants  have  this  advantage 
over  hypergolic  bi-propellants.  The  non-hypergolic  bi- 
propellant  can  be  handled  in  the  saire  way  as  a  mono¬ 
propellant.  Tor  example,  the  firing  chamber  can  be 
fired,  without  spontaneous  ignition,  as  in  a  mono- 
propeliant.  Because  of  this  fact,  the  chamber  can  be 
fired  without  having  to  pump  agairJt  combustion  pres¬ 
sure;  and  the  propellant  can  he  loaded  in  an  exact 
amount  before  ignition  is  started.  It  should  be  noted, 
however,  that  many  of  the  principles  of  the  present  in¬ 
vention  could  be  applied  to  liquid  propellant  guns  using 
hypergolic  bi-propellants.  Most  of  the  principles  of  the 
present  invention  can  be  applied  to  liquid  propellant 
guns  using  mono-propellants. 

The  bi-propellant  is  ignited  in  the  combustion  cham¬ 
ber  by  a  spark  plug  in  the  embodiment  of  the  gun  mod¬ 
ule  shown  in  FIG.  1.  Ignition  can  also  be  accomplished 
by  compression  ignition  or  by  injecting  a  chemical  into 


Details  of  construction  of  the  gun  module  3 1  will  now 
be  described  with  reference  primarily  to  FIGS.  3A  and 
3B  and  FiGS.  2A  and  2B. 

The  barrel  assembly  33  includes  a  barrel  43. 

The  receiver  assembly  35  includes  a  receiver  45. 

The  receiver  assembly  35  also  includes  an  end  plate 
47  attached  to  the  back  end  of  the  receiver  45  by  a 
number  of  cap  screws  46. 

The  hydraulic  control  assembly  37  is  mounted  on  the 
receiver  45  in  front  of  the  end  plate  47. 

A  main  cam  49  is  mounted  for  rotation  between  the 
receiver  45  and  the  hydraulic  control  assembly  37.  The 
main  cam  49  is  a  hollow,  cylindrical  member  (as  best 
shown  in  FIGS.  15  and  16),  and  the  rear  end  of  the  cam 
49  is  mounted  for  rotation  on  a  bearing  51  in  the  erd 
plate  47.  The  front  end  of  the  cam  49  may  also  be 
mounted  for  rotation  on  a  bearing  (not  shown  in  the 
drawings)  or  may  rotate  on  the  receiver  45.  The  cam 


peripheries.  As  will  be  described  in  greater  detail  be¬ 
low.  the  cam  traces  on  the  inside  peripheries  engage 
cam  followers  of  actuators  in  the  receiver  45  while  the 
cam  traces  on  the  outside  periphery  engage  cam  fol- 
35  lowers  of  control  valves  in  the  hydraulic  control  assem¬ 
bly  37. 

The  cam  49  in  the  embodiment  shown  in  FIG.  12  can 
be  a  rigid  member.  In  other  applications,  e.g..  the  FIG. 
13  embodiment,  the  cam  49  must  be  a  flexible  member 


of  modules.  As  will  become  more  apparent  from  the 
description  to  follow,  a  flexible  cam  is  possible  because 
of  the  low  cam  face  loads  of  the  present  invention.  The 
low  cam  face  loads  are  possible  because  the  cam  does 
45  not  drive  the  bolt  assembly.  The  force  for  driving  the 
bolt  assembly  is  supplied  by  hydraulic  actuatois,  and 
the  cam  serves  only  to  maintain  the  proper  phase  rela¬ 
tionship  between  the  actuators  and  the  control  valves. 


50 


The  cam  49  includes  gear  teeth  53  on  the  outside  pe¬ 
riphery  of  the  cam.  An  electric  or  hydraulic  motor  ( not 
shown  in  the  drawing)  drives  the  cam  (in  counter¬ 
clockwise  rotation  as  viewed  in  FIGS.  8-11)  by  means 
of  the  gear  teeth  53. 

The  receiver  45  mounts  a  bolt  55  and  propellant  in¬ 
jection  mechanism  for  reciprocation  toward  and  away 
from  combustion  chamber  57  at  the  inlet  end  of  the 
barrel  43. 

The  boh  and  injector  sub-assembly  is  best  illustrated 
m  FIG.  29.  In  FIG.  29  the  propellant  injection  mecha¬ 
nism  59  mchidfi  a  yoke  61,  an  acid  piston  63,  a  fuel 
piston  65  and  a  hydraulic  actuator  68.  In  the  embodi¬ 
ment  of  the  invention  shown  in  FIGS.  2A,  2B,  3A,  3B 
the  propellant.  The  present  invention  is  no:  restricted  „  and  FIG.  29,  the  acid  piston  reciprocates  within  a  cylin- 
to  spark  ignition.  der  70  formed  in  the  bolt  55,  and  the  fuel  piston  65  re- 

The  gun  module  31  is  a  cam-controlled,  hydnuKcaTiy  cipt  -cates  within  i  cylinder  69  formed  in  the  boh  55. 

powered  gun.  The  main  cam  maintains  a  proper  se- 
*  . 


55 
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The  acid,  or  oxidizer,  component  of  the  bi-propellant 
is  injected  from  the  cylinder  70  through  a  port  7 1  into 
a  central  bore  or  pre-combustion  chamber  73  of  the 
bolt  55  and  then  into  the  combustion  chamber  57. 

The  fuel  in  an  aircraft  installation  may  be  the  same 
fuel  (such  as  JP  4)  used  for  the  aircraft  engine.  The  fuel 
is  injected  from  the  cylinder  69  into  the  pre¬ 
combustion  chamber  73  and  the  combustion  chamber 
57  through  a  port  72  shown  in  FIGS.  2A. 

Piston  63  includes  a  one-way  check  valve  75  at  the 
forward  end  of  the  piston. 

The  piston  65  includes  a  one-way  check  valve  77  at 
the  forward  end  of  the  piston. 

These  check  valves  permit  the  fuel  to  flow  through 
the  interior  of  the  pistons  and  through  the  head  of  the 
piston  into  the  cylinder  70  and  the  cylinder  69  during 
the  retraction  strokes  of  the  pistons  within  the  cylinders 
70  and  69. 

The  strokes  of  the  pistons  63  and  65  are  the  same 
since  the  pistons  are  yoked  together  by  the  yoke  61. 
The  proper  mix  ratio  for  the  two  components  of  the  bi¬ 
propellant  is  obtained  by  the  relative  diameters  of  the 
pistons  67  and  65.  The  two  ccmponents  of  the  bi- 
propeilant  are  therefore  injected  into  the  firing  cham¬ 
ber  in  both  metered  amounts  and  in  a  constant  mix  ra¬ 
tio. 

A  spark  plug  79  is  mounted  for  reciprocation  within 
the  bolt  55  in  a  bore  81  which  forms  a  continuation  of 
a  pre-combustion  chamber  73. 

The  spark  plug  79  closes  off  the  propellant  injection 
port  71  of  the  cylinder  70  and  the  port  72  for  the  cylin¬ 
der  69  as  the  spark  plug  is  moved  forward  during  a 
cycle  of  operation  to  control  the  end  of  the  propellant 
injection  strokes. 

As  best  shown  in  FIG.  29,  the  bolt  is  actuated  by  a  hy¬ 
draulic  actuator  83  and  an  actuator  rod  85. 

The  bolt  44  includes  a  bolt  cam  follower  87. 

The  tut!  injection  yoke  61  includes  a  cam  follower 
89. 

The  spark  plug  includes  a  spark  plug  cam  follower 
91. 

With  continued  reference  to  FIG.  29,  the  hydraulic 
fluid  for  the  propellant  injection  mechanism  actuator 
68  is  brought  in  through  a  hydraulic  line  93  and  a  hy¬ 
draulic  port  95. 

The  fuel  for  the  fuel  piston  65  is  supplied  through  a 
fuel  line  97. 

The  oxidizer  for  the  acid  piston  63  is  supplied 
through  a  line  99. 

The  injector  actuator  68  includes  a  piston  64  slidable 
in  a  bore  66.  The  piston  64  in  turn  has  an  inner  bore 

66A. 

The  injector  actuator  hydrauiic  line  96  (see  FIG.  4 
and  FIG.  29  and  also  FIG.  10)  slides  within  the  bore 
66A  in  a  trombone  type  arrangement  as  the  injector 
yoke  61  is  reciprocated  back  and  forth  by  the  action  of 
the  piston  64  within  the  bore  66. 

As  best  shown  in  FIGS.  2B  and  3B,  the  fuel  piston 
and  fuel  line  and  the  acid  piston  and  acid  line  also  have 
similar  trombone  type  arrangements. 

Thus,  the  fuel  piston  65  has  a  hollow  interior  forming 
a  bore  65A,  and  this  hollow  bore  slides  back  and  forth 
on  the  outside  of  the  fuel  line  97  during  reciprocation 
of  the  piston  65  by  the  yoke  61. 

The  acid  piston  63  has  a  bore  62,  and  this  bore  62 
slides  back  and  forth  on  the  exterior  of  the  acid  line  99 
as  the  acid  piston  63  is  reciprocated  by  the  yoke  61. 
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Suitable  seal  means,  as  shown  in  the  drawings,  are 
provided  to  accomplish  the  necessary  sealing. 

As  best  shown  in  FIG.  3B,  the  fuel  line  97  is  con¬ 
nected  through  the  end  plate  47  to  a  fuel  port  101,  and 
S  the  acid  line  99  is  connected  through  the  end  plate  47  - 
to  an  acid  port  103.  — 

FIG.  3A  shows  the  bolt  55  at  its  full  forward  position. 

A  projectile  105,  as  shown  in  FIG.  3A,  has  been 
10  forced  forward  to  the  position  illustrated  by  the  for¬ 
ward  movement  of  the  bolt  55  and  also  by  the  liquid 
propellant  injected  behind  the  projectile  105  into  the 
firing  chamber  57  by  the  forward  movement  of  the  fuel 
piston  65  and  the  acid  piston  63.  The  projectile  105  is 
15  forced  forward  by  the  liquid  propellant  injected  in  the 
chamber  57.  The  forward  motion  is  stopped  by  the  re¬ 
sistance  produced  by  the  forcing  cone.  The  way  in 
which  the  projectile  is  loaded  into  the  receiver  and 
forced  forward  by  the  bolt  and  the  liquid  propellant  in- 
u  sures  that  the  firing  chamber  57  and  pre-combustion  _ 
chamber  73  are  completely  filled  with  liquid  propellant 
to  eliminate  an  ullage  problem. 

The  projectile  105  may  preferably  be  fed  to  the  re- 
22  ceiver  by  a  linkless  belt  105  as  shown  in  FIG.  12. 

As  shown  in  FIG.  12  (and  as  also  shown  in  the  lower 

lefthxnd  comer  of  FIG.  14A).  a  projectile  loader  lever _ 

109  bats  a  projectile  105  out  of  the  belt  107  and  into 
a  curved  slot  111  shaped  to  drop  the  projectile  105  intc 
3q  the  proper  position  in  the  receiver  assembly  31  in  front 
of  the  bolt  55. 

The  projectile  loader  lever  109  is  in  the  form  of  a  bell 
crank  (as  best  shewn  in  FIG.  14A)  and  is  pivotally  con¬ 
nected  to  the  receiver  45  by  a  pin  1 10. 

35  The  lever  109  is  pivoted  about  the  pin  1 10  by  a  hy¬ 
draulic  actuator  indicated  generally  by  the  reference 
numeral  112  ir.  FIG.  14A. 

The  actuator  112  includes  a  housing  1 14  and  a  piston 
1 16  reciprocable  within  a  bore  in  the  housing.  A  rod  of 
40  the  piston  116  is  connected  to  the  lever  109  in  a  pin- 
joint  connection  118. 

As  shown  in  FIG.  3A  the  projectile  105  in  the  re-__ 
ceiver  above  the  bolt  55  is  positioned  to  be  moved 
downward  and  in  front  of  the  front  face  of  the  bolt  55 
<5  by  the  lever  109  when  the  bolt  55  is  retracted. 

Each  gun  module  31  includes  a  misfire  detection  and 
module  shutdown  system.  This  system  will  be  described 
in  detail  with  reference  to  FIGS.  14A  and  14B,  but  at 
the  present  time  it  should  be  noted  that  the  system  in- 
50  eludes  a  detector  mechanism  indicated  generally  by  the ' 
reference  numeral  1 13  in  FIG.  2  A.  The  mechanism  113 
includes  a  housing  115  damped  to  the  front  end  of  the 
barrel  43  by  bolts  and  nuts  as  illustrated.  The  housing 
115  has  a  restricted  orifice  117  which  fits  within  an 
55  opening  119  in  the  barrel.  The  orifice  117  opens  into 
a  cylinder  121  in  the  interior  o(  the  housing  1 15.  A  sec¬ 
ond  restricted  orifice  123  also  communicates  with  the 
interior  of  the  cylinder  121  and  extends  through  the 
wall  of  the  housing  11 5  to  connect  the  cylinder  with  the 
ambient  atmosphere. 

A  piston  125  is  reciprocable  within  the  cylinder  121. 

A  piston  rod  127  extends  from  the  rearward  end  of 
the  piston  125  through  an  end  wall  of  the  housing  115 
and  through  a  tube  129  beck  to  a  module  shutdown 
control  valve  223  as  shown  in  FIG.  14B  and  as  will  be 
described  in  greater  detail  below. 
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An  opening  131  extends  through  the  front  end  wall  of  the  !*>ck  165  extends  transverse  to  the  axis  of  recip- 

of  the  housing  115  to  vent  the  cylinder  in  front  of  the  rocatuyi  of  the  bolt  55. 

piston  1 25  to  ambient  atmosphere  to  prevent  lock-up.  The  loci.  1 65  has  a  cutout  or  relieved  area  177  which 

permits  the  lock  to  be  mounted  with  the  rotational  axis 
The  orifices  117  and  123  are  controlled  orifices.  The  s  of  the  lock  closely  adjacent  to  the  outer  periphery  of 
high  pressure  gas  behind  the  projectile  105  enters  the  the  bolt  55.  The  relieved  area  177  is  shaped  to,  in  ef- 

chamber  within  the  cylinder  121  behind  the  piston  125  feet,  let  the  bolt  reciprocate  within  the  lock  165  with 

through  the  orifice  117  as  the  projectile  is  fired  out  of  the  outer  periphery  of  the  boh  in  closely  adjacent  reia- 

the  barrel  43.  The  orifices  117  and  123  permit  the  es-  tionship  to  the  surface  of  the  cutout  177  of  the  lock 

cape  of  the  pressurized  gas  from  the  interior  of  the  to  when  the  lock  is  in  the  unlocked  position, 
housing  115  at  a  controlled  rate  to  provide  a  certain  The  bolt  55  has  a  similar  cutout  or  relieved  area  181 

leak  down  time.  If  another  projectile  is  not  fired  within  which  provides  an  abuttment  face  when  the  lock  165 

this  leak  down  time  the  piston  rod  127  is  pulled  back  is  rotated  into  the  cutout  or  relieved  area  181. 

(to  the  right  as  viewed  in  FIG.  2A)  by  hydraulic  pres-  This  action  is  best  shown  in  FIGS.  23  and  24. 
sure  exerted  on  a  face  of  the  control  valve,  as  will  be  15  In  the  configuration  of  the  parts  shown  in  FIGS.  23 
described  in  greater  detail  below  with  reference  to  FIG.  and  24  the  lock  265  has  an  abuttment  face  179.  The 

14B.  face  179  abutts  the  corresponding  abuttment  face  181 

The  detection  mechanism  1 13  thus  detects  a  misfire.  of  the  bolt  55,  which  is  a  part  of  the  relieved  area  177 
The  detection  mechanism  113  remains  in  the  position  of  the  lock  165. 

illustrated  in  FIG.  2A  so  long  as  the  gun  module  contin-  20  FIGS.  25  and  26  and  FIGS.  27  and  28  show  modified 
ues  in  normal  cyclic  operation  and  does  not  misfire.  On  lock  and  boh  arrangements  in  which  the  abuttment 

a  misfire  the  piston  125  is  shifted  rearward  (to  the  right  face  179  of  the  lock  is  not  part  of  the  relieved  area  177 

as  viewed  in  FIG.  2A).  of  the  lock. 

As  shown  in  FIGS.  2A  and  3 A  an  inlet  port  133  and  In  this  instance,  however,  the  abuttment  face  179  of 
an  outlet  port  135  are  connected  to  the  top  of  the  bar-  25  the  lock  engages  a  substantial  part  of  the  relieved  area 
rel  43  through  openings  in  the  receiver  45  for  supplying  of  the  bolt  in  the  locked  position  so  that  only  a  small 

fluid  to  the  combustion  chamber  57  to  purge  the  Cham-  force  exerted  by  the  actuator  167  is  required  to  hold 

ber  57  in  the  event  of  a  misfire.  the  bolt  in  the  locked  position. 

As  best  shown  in  FIG.  6  the  fluid  from  the  inlet  port  Since  the  combustion  pressure  developed  in  the  corn- 
133  flows  into  the  combustion  chamber  57  through  a  30  bustion  chamber  57  is  quite  large,  the  force  on  the  for- 
port  139  when  a  valve  member  141  is  positioned  to  per-  ward  face  of  the  bolt  55  during  firing  is  also  quite  large, 

mit  flow  between  the  pons  133  and  139.  This  force  on  the  face  of  the  bolt  acts  in  a  direction 

As  best  shown  ir.  FIG.  14A  a  companion  valve  143  tending  to  open  the  bolt,  and  it  is  therefore  important 

controls  the  flow  of  the  purge  fluid  out  of  the  combus-  that  the  lock  mechanism  163  be  effective  to  hold  the 

tion  chamber  57  through  a  port  145  (like  the  port  139)  35  bolt  in  the  locked  position. 

and  through  the  outlets  of  135  to  sump.  As  best  illustrated  in  FIG.  22  the  spark  plug  79  also 

As  shown  in  FIG.  14A  the  valve  members  141  and  has  a  cutout  or  relieved  area  which  engages  the  lock 

143  are  yoked  together  by  a  yoke  147  and  spring  bi-  165  when  the  lock  165  is  routed  to  the  locked  position, 

ased,  by  springs  149  and  151,  to  the  positions  illus¬ 
trated  in  which  the  valve  members  close  off  the  ports  40  As  also  illustrated  in  FIGS.  21  and  22,  the  piston  63 
139  and  145.  of  the  propellant  injection  mechanism  may  also  be 

A  hydraulic  actuator  153,  which  includes  a  piston  formed  with  a  locking  element  185  projecting  out- 
155  spring  biased  by  the  spring  157  to  the  position  iiius-  wardly  from  the  piston  63  for  engagement  with  a  lock- 

trated  in  FIG.  14A,  opens  the  ports  139  and  145  by  ing  face  187  of  the  lock  165  when  the  lock  is  routed 

moving  the  valve  members  141  and  143  to  the  left  as  45  to  the  locked  position. 

viewed  in  FIG.  14A  when  hydraulic  pressure  is  admit-  The  locking  element  185  is  slidable  within  a  slot  189 
ted  to  the  interior  of  the  actuator  153  through  the  con-  of  the  bolt  65.  The  locking  of  the  fuel  injection  mecha- 

duit  159.  The  flow  of  hydraulic  fluid  through  the  con-  nism  is  not  as  critical  as  the  locking  of  the  bolt  55  and 

duit  159  is  under  the  control  of  a  three-way  time  con-  the  spark  plug  79  because  the  fuel  injection  mechanism 
trol  valve  161.  The  three-way  time  delay  valve  161  is  50  is  not  directly  exposed  to  the  combustion  pressure 
controlled  by  the  misfire  detection  and  module  shut-  within  the  combustion  chamber  57. 
down  system,  as  wiH  be  described  in  greater  detail  with  Before  going  to  a  discussion  of  the  control  mec ha- 
reference  to  the  description  of  FIGS.  14A  and  14B.  nism  shown  in  FIGS.  14A  and  14B,  it  should  be  noted 
As  best  shown  in  FIGS.  20-22  the  gun  module  31  in-  .  that  FIG.  17  and  17A  illustrate  a  modification  of  a  pre¬ 
cludes  a  breech  lock  mechanism.  This  breech  lock  5  pcllant  injection  mechanism.  In  these  figures  the  cylin- 
mechanism  is  indicated  generally  by  the  reference  nu-  dec  70  and  piston  63  are  mounted  for  reciprocation 
merai  163  in  FIGS.  20-22.  within  a  bore  73A  formed  in  the  barrel  43  and  in  the 

The  breech  lock  mechanism,  as  best  shown  in  FIG.  receiver  45  rather  than  in  the  bolt  55. 

14A,  includes  a  lock  165  and  an  actuator  167.  M  The  cylinder  70  has  a  front  end  portion  constructed 

The  actuator  167  includes  a  piston  169  and  s  rod  to  withstand  the  high  pressures  developed  during  com- 
171.  The  forward  end  of  the  rod  171  has  gear  teeth  173  bustion  in  the  combustion  chamber  57. 
which  engage  corresponding  gear  teeth  175  on  the  Seals,  such  as  O- rings  401,  prevent  the  loss  of  com 
lock.  The  rod  171,  gear  teeth  173  and  gear  teeth  175  bustion  chamber  pressure. 

form  a  rack-and-pinion  arrangement  for  routing  the  A  spring  biased  check  valve  403  is  mounted  in  the 
lock  165.  front  end  portion  of  the  cylinder  70  to  permit  the  flow 

The  lock  165  is  a  cylindrical  member  mounted  for  of  propellant  from  the  cylinder  through  the  port  71  to 
rotation  about  its  longitudinal  axis.  The  routional  axis  the  combustion  chamber. 


The  piston  63  includes  a  one-way  check  valve  75  at 
the  forward  end  of  the  pi  >n. 

In  the  operation  of  the  embodiment  shown  in  FIGS. 
17  and  17A,  the  cylinder  70  remains  in  the  forward  po¬ 
sition  illustrated  in  FIG.  17  during  the  firing  of  a  burst 
while  the  piston  63  reciprocates  back  and  forth  within 
the  cylinder  70  during  the  firing  of  each  round.  After 
the  firing  of  a  burst,  the  entire  cylinder  7C  and  piston 
63  assembly  is  retracted  to  the  position  shown  in  FIG. 
17A  to  isolate  the  propellant  from  the  hot  barrel  43. 

The  present  invention  retracts  the  propellant  injec¬ 
tion  mechanism  away  from  combustion  chamber  57  so 
that  the  injection  mechanism  and  the  liquid  propellant 
within  the  injection  mechanism  are  physically  isolated 
from  the  hot  combustion  chamber  to  provide  a  thermal 
barrier,  that  is,  a  physical  barrier  to  prevent  heat  flow 
from  the  hot  combustion  chamber  to  the  propellant. 
This  eliminates  problems  of  heat  soak  which  can  lead 
to  cookoff  or  unwanted  vaporization  of  fuel  and  com¬ 
bustion  in  the  gun  module  31.  It  is  important  to  provide 
such  thermal  isolation  after  the  firing  of  a  burst.  During 
firing  the  flow  rales  of  the  liquid  propellant  are  nor¬ 
mally  high  enough  to  provide  sufficient  cooling.  Thus, 
while  the  FIG.  3A  embodiment  of  the  present  invention 
discloses  retraction  after  each  individual  firing,  it 
should  be  recognized  that  it  might  be  desirable  in  some 
instances  to  retract  the  entire  injection  mechanism  only 
after  the  firing  of  a  burst  as  in  the  FIGS.  17  and  17A 
embodiment. 

In  some  instances,  it  may  be  desirable  to  include  a 
low  conductivity  thermal  barrier  between  the  barrel 
and  the  receiver  to  further  reduce  the  possibility  of 
transfer  of  heat  to  the  propellant  after  the  firing  of  a 
burst. 

A  schematic  diagram  of  the  hydraulic  drive  control 
system  for  the  gun  module  31  as  shown  in  FIGS.  14A 
and  14B.  Pressurized  hydraulic  fluid  for  driving  the  var¬ 
ious  actuators  is  brought  into  the  system  through  a  line 
191.  The  motor  for  producing  this  pressurized  hydrau¬ 
lic  fluid  is  preferably  separate  from  the  gun  itself  so  that 
the  gun  can  be  kept  light  in  weight  and  small  in  profile. 

If  the  gun  is  installed  in  an  aircraft  the  source  of  the 
pressurized  hydraulic  fluid  can  be  the  hydraulic  system 
of  the  aircraft. 

One  of  the  features  of  a  hydraulic  control  system  is 
fast  response.  In  the  present  invention  the  first  shot  is 
made  at  full  cyclic  rate. 

The  hydraulic  fluid  is  returned  from  the  control  sys¬ 
tem  to  the  source  by  a  line  193. 

The  control  system  includes  a  bias  control  valve  indi¬ 
cated  generally  by  the  reference  numeral  195.  The  bias 
control  valve  is  an  on-off  valve  and  is  controlled  by  a 
trigger  solenoid  197.  The  trigger  solenoid  197  is  shown 
in  the  "on”  position  in  FIG.  14. 

The  bias  control  valve  195  includes  a  housing  199 
and  a  valve  spool  201  reciprocable  within  a  bore  in  the 
housing  199. 

Pressurized  fluid  flows  into  the  housing  201  through 
an  inlet  conduit  203. 

Outlet  conduits  205  and  207  lead  from  the  valve 
housing  199  to  a  housing  209  forming  a  part  of  the  mis¬ 
fire  detector  mechanism  1 13.  Outlet  conduits  211  and 
213  extend  from  housing  199  downward  to  other  con¬ 
duits  which  are  connected  to  ports  at  opposite  ends  of 
the  vsrious  control  valve  housings.  Outlet  conduits  215 
and  217  connect  with  the  return  conduit  193. 


Lands  219  and  221  on  the  spool  of  the  bias  control 
valve  control  the  flow  through  the  various  conduits. 

The  valve  spool  201  includes  a  cam  follower  221 
which  engages  a  trace  222  in  tne  cam  49  in  the  armed 
5  condition  of  the  system  with  the  trigger  solenoid  in  the 
off  position.  When  the  trigger  solenoid  is  energized  t~ 
the  on  position,  the  cam  follower  remains  in  the  can — ■ 
trace  222  until  a  cross-over  path  224  permits  the  cam 
follower  to  shift  to  the  trace  226.  This  insures  that  the 
10  trigger  solenoid  will  move  the  valve  spool  219  to  the  of 
position  in  the  proper  time  sequence  with  the  othe  . 
components  of  the  hydraulic  control  system. 

The  valve  housing  209  of  the  misfire  detector  mecha¬ 
nism  113  has  a  valve  spool  223  mounted  for  reciproca 
IS  tion  within  the  housing  and  connected  to  the  rod  127 
Outlet  conduits  225  and  227  extend  dow  nward  from 
the  housing  209.  Flow  from  the  inlet  conduit  191  and 
to  the  outlet  conduits  225  and  227  is  controlled  b; 
lands  229  and  231  on  the  valve  spool  223.  The  condui 
20  22*  ''on tains  an  orifice  233. 

A  spring  235  acting  on  the  backface  of  the  land  231 
biases  the  spool  223,  and  the  rod  127,  in  a  forward  di 
rection. 

Pressurized  fluid,  conducted  through  the  housing  20> 
25  by  the  conduit  207,  acts  on  a  forward  face  of  a  land  237 
to  bias  the  spool  223  in  a  rearward  direction. 

A  cam  follower  239  is  connected  to  the  rearward  ex. 
tension  of  the  valve  spool  223  and  is  normally  engageu 
in  a  trace  241  of  the  cam  49.  The  cam  trace  241  ex- 
30  tends  around  the  outside  circumference  of  the  cam  4 ' 
and  parallel  to  s  second  cam  trace  243.  A  path  24 
connects  the  traces  241  and  243. 

As  will  be  described  in  greater  detail  below  in  the  de¬ 
scription  of  the  operation  of  the  gun,  the  cam  followe 
35  239  remains  in  the  trace  241  so  long  as  a  misfire  dot 
not  occur.  The  pressure  developed  within  the  bore  12. 
of  the  housing  1 15  at  the  end  of  the  barrel  during  cyclic 
firing  is  sufficient  to  keep  the  piston  125  forward,  as  i* 
lustrated,  when  the  path  245  is  aligned  with  the  cai 
40  follower  239.  However,  if  a  misfire  occurs,  there  is  it. - 
sufficient  pressure  in  the  chamber  121  behind  the  pis¬ 
ton  125,  and  the  force  developed  by  the  pressurized  h; 
draulic  fluid  acting  on  the  forward  face  of  the  land  23— 
shifts  the  valve  follower  239  from  the  trace  24. 
45  through  the  path  245  and  into  the  trace  243;  and  the 
cam  follower  239  thereafter  remains  in  the  trace  243 
This  cuts  off  the  flow  of  fluid  through  the  conduit  22 
and  transmits  pressurized  hydraulic  fluid  through  th. 
conduit  225  by  shifting  the  land  229  to  the  other  side 
of  conduit  191.  — 

The  phantom  outline  shows  the  cam  follower  23 
shifted  to  the  trace  243. 

In  the  misfire  condition,  the  bolt  55  and  injector  63 
55  wilt  remain  locked  in  the  forward  position  as  illu- 
trated.  This  mode  of  operation  will  be  further  describe 
with  reference  to  the  cam  traces  shown  in  FIGS  16  an— 
18  below. 

The  angle  of  the  cam  path  245  is  such  that  the  car* 
follower  239  will  remain  m  the  path  243  because  of  th 
direction  of  rotation  of  the  cam  49.  The  valve  spot 
223  will  thus  remain  in  the  rearward  position  illustrated 
by  the  phantom  outline  against  the  bias  of  the  sprir* 
235. 

65  The  conduits  21 1  and  213  extend  from  the  bias  coi 
trol  valve  195  down  to  a  bolt  and  injector  system  con¬ 
trol  valve  indicated  generally  by  the  reference  numer*1 
247. 
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The  control  valve  247  includes  a  valve  housing  249. 
The  valve  housing  249  has  a  longitudinally  extending 
central  bore  251. 

A  compound  spool  is  axially  shiftable  within  the  bore 
251. 

The  compound  spool  includes  an  inner  spool  253  and 
a  sleeve  255.  The  sleeve  255  is  axially  shiftable  on  the 
reduced  diameter  central  portion  of  the  spool  253  be¬ 
tween  abuttment  stops  257  and  259  at  opposite  ends  of 
the  spool  253. 

The  conduit  211  connects  to  the  forward  end  of  the 
housing  249  and  the  conduit  213  connects  to  the  rear¬ 
ward  end  of  the  housing  249.  When  pressurized  fluid  is 
supplied  through  the  conduit  211  as  illustrated  in  FIG. 
148  the  sleeve  255  is  shifted  rearward  and  into  engage¬ 
ment  with  the  stop  259. 

A  cam  follower  261  on  the  valve  spool  253  rides  in 
a  trace  263  on  the  main  cam  49.  Rotation  of  the  cam 
49  periodically  shifts  the  cam  follower  261  forward  to 
the  position  indicated  by  the  dotted  line  to  cause  corre¬ 
sponding  shifting  of  the  valve  spool  253  and  the  sleeve 
255  engaged  with  stop  259. 

Pressurized  fluid  is  led  into  the  control  valve  247  by 
the  conduit  227. 

Conduits  262  and  265  extend  from  the  valve  housing 
249  to  the  rear  ends  and  to  the  front  ends  respectively 
of  the  actuators  83  and  68  for  the  bolt  55  and  the  yoke 
61  of  the  propellant  injection  mechanism. 

With  the  cam  49  in  the  position  illustrated  and  the 
valve  sleeve  255  pressed  against  the  Stop  259  of  the 
spool  253,  the  pressurized  fluid  flows  from  the  conduit 
227  past  a  land  267  and  to  the  conduit  262  and  the 
back  sides  of  the  actuators  83  and  68.  The  respective 
pistons  and  the  actuators  are  thus  forced  forward  to  the 
positions  illustrated  in  FIG.  14B. 

When  the  cam  49  rotates  to  a  position  in  which  the 
trace  263  shifts  the  cam  follower  261  to  the  dotted  line 
position  shown  in  FIG.  14B  the  land  267  closes  off  flow 
through  the  conduit  262  and  directs  the  flow  to  the 
conduit  265  to  reciprocate  the  pistons  in  the  bolt  actua¬ 
tor  83  and  the  propellant  injection  actuator  68  to  the 
rear. 

In  this  mode  of  operation  the  control  valve  247  acts 
as  an  on-off  valve  or  flow  switching  valve  to  cause  re¬ 
ciprocation  of  the  bolt  and  propellant  injection  mecha¬ 
nism  with  the  movement  of  the  cam  follower  261.  Con¬ 
duits  269  and  271  extend  downward  from  the  valve 
housng  249  and  connect  with  the  return  conduit  193. 
Flow  through  these  conduits  269  and  271  is  controlled 
by  lands  273  and  275  on  the  valve  sleeve  255.  These 
lands  open  one  side  of  each  of  the  actuators  83  and  68 
to  hydraulic  fluid  return  when  the  other  side  of  each  ac¬ 
tuator  is  being  pressurized. 

Pressurized  hydraulic  fluid  is  supplied  through  the 
conduit  213  to  shift  the  sleeve  255  forward  against  the 
stop  257  when  the  gun  is  placed  in  the  armed  condition 
(  a  condition  in  which  the  r.:ain  cam  urive  motor  is  en¬ 
ergized,  the  main  cam  is  rotating  and  hydraulic  power 
is  applied  to  the  gun  m.dule)  and  the  trigger  solenoid 
197  is  in  the  off  position.  In  this  condition  of  operation 
the  reciprocation  of  the  spool  253  by  the  cam  trace  263 
is  not  effective  to  produce  any  reciprocation  of  the  bolt 
and  propellant  injectors.  Instead,  pressurized  hydraulic 
fluid  is  continuously  transmitted  from  the  conduit  227 
to  the  conduit  265  past  the  land  267  and  to  the  forward 
end  of  the  actuators  83  and  68.  The  bolt  and  propellant 
injectors  are  thus  held  in  the  open  position  ready  to 


12 

start  firing  as  soon  as  the  trigger  solenoid  197  is  ener¬ 
gized  to  the  on  position. 

As  illustrated  in  FIG.  14A  the  hydraulic  drive  control 
system  includes  a  breech  lock  control  valve  indicated 
5  generally  by  the  reference  numeral  277  and  a  projectile 
loader  control  valve  indicated  generally  by  the  refer¬ 
ence  numeral  279. 

These  control  valves  control  the  breech  lock  actuator 
163  and  the  projectile  loader  actuator  1 12. 

10  The  control  valves  277  and  279  are  compound  spool 
control  valves  like  the  bolt  and  injector  control  valve 
247  and  operate  in  a  dual  mode  like  the  control  valve 
247. 

Thus,  a  conduit  211  is  connected  to  the  forward  end 
^  of  a  valve  housing  281  of  the  control  valve  277  and  the 
conduit  21 !  is  also  connected  to  the  forward  end  of  a 
valve  housing  283  of  the  control  valve  279. 

A  conduit  213  is  comwMwtto  the  rearward  end  of 
the  housing  281  and  a  roansaad  end  of  the  housing  283. 
u  Pressurized  hydraulic  fftrftf  is  supplied  to  a  central  part 
of  each  valve  housing  231  and  283  by  the  conduit  227 
during  normal  operation. 

The  pressurized  fluid  from  the  line  227  is  directed  al- 
2S  temateiy  to  the  front  and  to  the  back  side  of  the  breech 
lock  actuator  167  through  conduits  285  and  287. 

The  breech  lock  control  valve  277  includes  a  com¬ 
pound  spool.  The  compound  spool  has  an  inner  spool 
2E9  and  a  valve  sleeve  291.  The  valve  sleeve  291  is 
30  shiftable  on  the  spool  289  between  the  stops  293  and 
235. 

A  land  297  controls  the  fluid  from  conduit  227  to  the 
conduits  285  and  2S7. 

On  a  misfire,  pressurized  fluid  from  the  main  hydrau- 
35  lie  line  191  is  directed  to  the  conduit  225  (see  FIG. 
14B),  through  an  orifice  233,  and.  in  the  case  of  the 
breech  lock  actuator  163,  through  a  conduit  299  and 
a  one-way  check  valve  301  to  the  front  end  of  the  hous¬ 
ing  167  to  hold  the  breech  lock  in  the  locked  position 
40  illustrated. 

During  normal  cyclic  firing  operation  pressurized  hy¬ 
draulic  fluid  is  supplied  to  the  front  end  of  the  housing 
281  of  the  breech  lock  control  valve  to  position  the 
sleeve  291  against  the  stop  295  as  illustrated  in  FIG. 
«5  14  A. 

A  cam  follower  303  on  the  valve  spool  289  rides  in 
a  trace  305  on  the  cam  49.  As  the  cam  49  rotates,  the 
trace  305  periodically  shifts  the  cam  follower  303  to 
the  forward  position  illustrated  by  the  dotted  outline. 
50  This  in  turn  shifts  the  valve  spool  289  and  the  vlave 
sleeve  291  to  produce  reciprocation  of  the  piston  168 
in  the  breech  lock  actuator.  Conduits  307  and  309  con¬ 
nect  the  valve  bousing  281  with  the  return  line  193. 

If  the  trigger  off  but  armed  condition  pressurized  hy- 
55  draulic  fluid  b  directed  through  the  conduit  213  to  the 
rear  face  of  the  sleeve  291  to  move  the  sleeve  forward 
against  the  stop  293.  In  this  condition  of  operation,  the 
breech  lock  actuator  is  main  tamed  in  die  unlocked  p o- 
sition  ready  for  the  start  of  firing.  The  reciprocation  of 
the  valve  spool  295  by  the  cam  follower  303  is  not  ef¬ 
fective  to  change  the  flow  of  pressurized  hydrmluic  fluid 
from  the  conduit  287  to  the  tack  side  of  die  piston  16$. 

6J  The  conduit  227  Bidudes  a  one-way  check  valve  31 1 

and  the  conduit  309  includes  a  one-way  check  valve 
313  for  preventing  bleed-off  of  pressure  from  the  front 
part  of  the  hydraulic  actuator  167  during  a  misfire  con- 
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dition  in  which  the  breech  lock  is  maintained  in  the  beore  the  trigger  solenoid  197  has  been  moved  to  the 
locked  position.  on  position  to  initiate  firing. 

The  projectile  loader  control  valve  279  includes  an  The  traces  345,  347  and  349  also  connect  with  addi- 
innet  valve  spool  315  and  a  valve  sleeve  317.  The  valve  tional  straight  through  traces  357, 359  and  361  respec- 

spool  315  has  stops  319  and  321  at  opposite  ends  of  the  s  tively  as  illustrated  in  FIG.  18.  These  last  three  straight 
valve  spool.  A  cam  follower  323  rides  in  a  trace  325  on  through  traces  provide  the  paths  for  the  respective  cam 
the  cam  49  and  is  shiftable  between  the  solid  line  posi-  followers  in  the  closed  bolt  or  misfire  condition  of 
tion  and  the  dotted  line  position  shown  to  reciprocate  -  operation. 

the  valve  spool  315.  The  cam  49  is  rotated  in  the  direction  indicated  in 

Pressurized  hydraliuc  fluid  supplied  to  the  forward  10  the  drawings  by  a  hydraulic  motor  or  other  suitable 
end  of  the  valve  housing  by  the  conduit  21 1  during  nor-  drive  means  engaged  with  the  gear  teeth  53. 
mal  cyclic  firing  operation  shifts  the  valve  sleeve  317  The  operation  of  the  gun  module  31  will  now  be  de- 
rearward  against  stop  321  as  illustrated.  scribed.  The  mechanical  operation  of  the  gun  will  be 

Pressurized  hydraulic  fluid  supplied  through  the  con-  described  first,  and  the  operation  of  the  hydraulic  con¬ 
duit  213  to  the  rearward  end  of  the  valve  housing  283  IS  troi  circuit  will  then  be  summarized, 
shifts  the  valve  sleeve  317  forward  against  the  stop  319  The  following  is  a  description  of  the  operation  of  the 
during  the  armed  but  non-firing  condition  of  the  gun.  gun  mechanism. 

When  the  gun  is  placed  in  the  armed  position,  the 
Pressurized  hydraulic  fluid  from  the  conduit  227  main  cam  drive  motor  (not  shown  in  the  drawings)  is 
flows  past  a  one-way  check  valve  327  and  into  the  cen-  20  energized  and  hydraulic  power  is  supplied  to  the  gun 
tral  part  of  the  bore  within  the  housing  283.  From  there  module  through  the  main  hydraulic  supply  line  191. 
the  pressurized  fluid  flows  either  through  a  cc-nduit  329  If  the  trigger  is  in  the  off  position,  the  hydraulic  con- 
to  the  rearward  end  of  the  projectile  loader  actuator  or  trol  system  (shown  in  FIGS.  14A  and  14B)  will  unlock 

through  a  conduit  331  to  the  forward  end  of  the  projec-  the  breech  lock  165  and  will  position  the  projectile 
tile  loader  actuator  112.  The  flow  of  pressurized  fluid  25  loader  lever  in  the  up  position.  The  bolt  55  and  the  in- 
through  the  conduit  329  and  331  is  controlled  by  a  land  jector  yoke  61  will  be  positioned  in  the  rear  position. 
333  on  the  sleeve  317.  Fliuid  is  returned  to  the  return  As  long  as  the  gun  is  in  the  armed  condition  with  the 
line  193  from  the  housng  283  by  conduits  335  and  337.  trigger  off  these  components  will  remain  in  these  posi- 
The  conduit  335  contains  a  one-way  check  valve  339.  tions.  This  is  generally  referred  to  as  the  open  bolt  posi- 

30  tion. 

A  conduit  341,  having  a  one-way  check  valve  343  When  the  trigger  solenoid  197  is  put  into  the  on  posi- 
connects  the  forward  end  of  the  actuator  112  with  the  tion,  the  hydraulic  control  system  and  main  cam  49  will 
conduit  225.  When  the  misfire  detection  mechanism  cover  the  following  sequence  of  events: 
directs  pressurized  fluid  through  the  condui:  225  to  the  1 .  The  projectile  loader  lever  109  moves  down,  fore- 

projectile  loader  actuator  112,  the  actuator  is  moved  35  ing  a  new  projectile  105  into  the  loading  tray  111. 
rearward  to  hold  the  projectile  loader  in  an  open  posi¬ 
tion.  2.  The  bolt  55  moves  forward,  ramming  the  projectile 

li  is  an  important  feature  of  the  present  invention  10S  into  the  combustion  chamber  57.  When  the 

that  several  of  the  controlled  elements  are  interlocked  boit  55  is  fully  forward,  the  breech  lock  165  is 

through  the  cam  to  the  control  valve  controlling  these  40  locked. 

components.  3.  The  injector  pistons  63  and  65  initially  move  for- 

Thus,  both  the  bolt  and  the  propellant  injectcrs  are  ward  with  the  bolt  55.  However,  until  the  bolt  55 

interlocked  through  the  cam  to  the  bolt  and  injector  stops,  there  will  be  no  relative  movement  between 

control  valve.  This  insures  precise  phase  relationship  the  injector  pistons  63  and  65  and  the  bolt  55. 

between  the  control  valve  and  the  actuators  and  also  3  When  the  bolt  55  stops,  the  injector  pistons  63  and 

precise  phase  relationship  between  ^actuated  compo-  65  continue  to  move  forward,  injecting  a  charge  of 

nents.  Because  hydraulic  boost  is  used  for  actuation,  fuel  and  acid  through  the  pre-combustion  chamber 

cam  face  loadings  are  quite  low.  And  because  of  the  in-  73  and  then  into  the  combustion  chamber  57.  The 

terlock  a  simple  on/off  flow  switching  valve  can  be  used  injected  propellant  will  force  the  projectile  105  for- 

without  the  need  for  expensive  and  complex  feedback  3  ward  as  it  is  injected.  Since  the  diameter  and  stroke 

mechanisms  of  conventional  hydraulic  serve  motor  sys-  of  the  fuel  and  acid  pistons  65  and  63  are  constant, 

terns.  each  forward  motion  of  the  injectors  win  meter  a 

As  illustrated  m  FIG.  14B,  the  cam  follower  87  of  the  fixed  propellant  charge  with  a  constant,  pre¬ 
bolt  55  rides  in  a  trace  345  during  normal  cyclic  firi’-g  ..  determined  mixture  ratio, 

of  the  gun.  As  best  shown  in  FIG.  18  this  trace  349  is  4.  When  the  injector  pistons  63  and  65  are  fully  for- 
located  on  the  inner  periphery  of  the  cam  and  accom-  wad  and  the  injection  is  completed,  the  spark  plug 

modates  the  reciprocatory  motion  of  the  bolt.  79  is  moved  forward  sealing  off  the  injection  pom 

The  cam  follower  89  of  the  propellant  injection  71  and  72.  It  should  be  noted  at  this  point  that  m 

mechanism  rides  in  a  trace  347  during  normal  cyclic  M  the  case  of  the  mono-propellant,  metering  of  the 

firing  of  the  gun.  propellant  can  be  accomplished  without  the  need 

The  spark  plug  cam  follower  91  rides  in  a  trace  349  for  a  cut-off  valve,  (n  the  case  of  a  mono- 

during  normal  cyclic  firing  of  the  gun.  propellant,  it  is  often  possible  to  use  tank  pressure 

The  traces  345,  347  and  349  connect  with  straight  without  a  hydraulic  boost  for  injecting  the  propet- 

through  traces  351,  353  and  355  respectively  as  illus-  I  ant  into  the  firing  chamber.  The  injection  of  the 

trated  in  FIG.  18.  These  straight  through  traces  are  the  mono-propellant  can  start  by  puttL.g  the  fuel  into 

traces  in  which  the  cam  followers  ride  during  the  open  the  chamber  behind  the  projectile  simply  by  open- 

bolt  static  condition  after  the  gun  has  been  armed  but  ing  a  valve.  The  mono-propellant  continues  to  flow 
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into  the  combustion  chamber  behind  the  projectile 
until  the  resistance  to  continued  forward  move¬ 
ment  of  the  projectile  produced  by  the  forcing 
cone  is  greater  than  the  force  developed  by  the 
pressurized  fuel  on  the  back  face  of  the  projectile. 

At  that  point  the  piojectile  stops  and  a  metered 
amount  of  propellant  is  in  the  firing  chamber. 

5.  When  the  spark  plug  79  is  full  forward,  electrical 
power  is  supplied  to  the  spark  plug;  and  the  gun  is 
fired. 

6.  The  breech  lock  165  is  then  unlocked. 

7.  The  projectile  loader  lever  109  moves  to  the  up 
position. 

8.  The  bolt  55  and  injector  pistons  are  driven  to  the 
rear,  when  the  rewarward  movement  of  the  bolt  55 
stops,  the  rearward  movement  of  the  injector  pis¬ 
tons  63  and  65  continues  for  the  length  of  the 
stroke  of  the  pistons.  As  the  pistons  move  to  the 
rear,  propellant,  (i.e.,  acid  and  fuel)  flows  through 
the  ball  check  valves  75  and  77  and  fills  the  vol¬ 
umes  created  by  the  rearward  movement  of  the  pis¬ 
tons  relative  to  the  bolt.  The  pistons  are,  in  effect, 
drawn  backwards  through  the  propellant  to  till  the 
injector  cylinders  during  retraction  of  the  pistons. 
This  is  the  charge  that  will  be  Injected  into  the  tir¬ 
ing  chamber  57  for  the  next  round. 

9.  The  next  firing  cycle  is  then  repeated. 

10.  In  the  event  of  a  misfire,  the  misfire  detection 
mechanisms  113  and  module  shutdown  valve  223 
will  shut  off  the  hydraulic  supply  (see  the  hydraulic 
control  circuit  of  FIGS.  14A  and  14B).  The  breech 
lock  165  will  be  locked,  the  projectile  loader  lever 
109  will  go  to  the  up  position,  and  the  bolt  55  and 
injector  pistons  63  and  65  will  be  forced  to  the  for-  35 
ward  position.  The  misfired  module  will  remain  in 
the  shutdown  position  until  maintenance  can  be 
performed.  However,  the  other  modules  of  the  gun 
cluster  remain  in  operation. 

The  operation  of  a  hydraulic  control  circuit  is  be-  40 
lieved  to  be  evident  from  the  detailed  description  of 
FIGS.  14A  and  \4B  above  but  will  now  be  summarized. 
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The  design  and  operation  of  the  secondary  control 
valves  is  a  unique  feature  of  the  present  invention  and 
is  fundamental  to  the  operation  of  the  hydraulic  control 
circuit  The  bolt  and  injector  system  control  valve  247 
S  is  typical  of  the  secondary  control  valves.  The  valve 
247  consists  of  the  outer  valve  body  249,  the  hydrauli¬ 
cally  operated  sleeve  255  and  the  cam-operated  inner 
spool  253.  The  cam  follower  261  attached  to  the  rear 
end  of  the  spool  253  engages  the  groove  263  of  the  cam 
10  49.  As  the  cam  49  rotates,  the  spool  is  caused  to  trans¬ 
late  forward  and  rearward  in  the  outer  valve  body.  The 
spool  is  shown  in  FIG.  14B  in  its  rear  position  (the  dot¬ 
ted  line  illustrates  the  maximum  forward  poshion  cf  the 
cam  follower).  The  sleeve  255  is  concentric  to  the 
1 J  spool  and  its  position  relative  to  the  spool  is  controlled 
hydraulically  by  means  of  the  bias  control  valve  195. 
Hydraulic  pressure  applied  to  the  front  end  of  the 
sleeve  255  will  force  the  sleeve  rearward  against  the 
rear  stop  259  of  the  spool  253,  and  hydraulic  pressure 
20  applied  to  the  rear  of  the  sleeve  255  will  force  the 
sleeve  forward  against  the  forward  stop  257  of  the 
spool.  In  either  the  forward  or  the  rear  position  relative 
to  the  spool,  the  sleeve  will  translate  forward  and  rear¬ 
ward  in  the  outer  valve  body  249  as  the  piston  moves. 
25  The  position  cf  the  sleeves  with  respect  to  the  spool  in 
each  of  the  secondary  control  valves  247,  277  and  279 
is  controlled  by  means  of  the  bias  control  valve  195, 
which,  in  turn,  is  actuated  by  the  trigger  solenoid  197. 
When  the  trigger  solenoid  197  is  energized,  the  bias 
30  control  valve  1 95  is  pulled  to  the  rear,  thus  allowing  hy¬ 
draulic  fluid  to  flow  to  the  forward  end  of  all  of  the  se- 
condry  cor.rol  valvrs.  This  forces  the  sleeves  rearward 
against  the  rear  stops  of  the  related  spools.  When  the 
trigger  solenoid  197  is  deenergized,  the  trigger  solenoid 
during  spring  196  pushes  the  bias  control  valve  for¬ 
ward.  This  allows  hydrzulic  fluid  to  flow  to  the  rear  end 
of  all  the  secondary  control  valves  and  forces  the 
sleeves  forward  against  the  forward  stops  of  the  related 
spools. 

The  relative  positions  of  the  various  components  in 
respect  to  the  cam  follower  and  sleeve  position  are  tab¬ 
ulated  in  the  following  table  L 


The  hydraulic  control  circuit  illustrated  in  FIGS.  14A 
and  14B  has  three  basic  elements.  The  basic  elements  45 
of  the  circuit  are: 

1.  The  primary  control  components’ These  compo¬ 
nents  include  the  misfire  detection  mechanism  113 
and  the  module  shutdown  valve  223.  The  primary 
control  components  also  include  the  bias  control  50 
valve  195. 

2.  The  secondary  control  cirr.ponents.  The  secon¬ 
dary  control  components  include  the  bolt  and  in¬ 
jector  system  control  vulve  247,  the  projectile 
loader  control  valve  279  and  the  breech  lock  con-  33 
trol  valve  277. 

3.  The  auxiliary  control  components.  The  auxiliary 
control  components  include  the  gun  purge  valves 
141  and  143  and  the  three-way  time  deli.y  valve 
161  and  the  valve  actuator  153. 

The  primary  control  components  consist  of  the  mis¬ 
fire  detection  mechanism  113  and  the  module  shut¬ 
down  valve  223  and  the  bias  control  valve  195.  The 
bias  control  valve  195  is  operated  by  the  electrical  sole- 
noid  197,  which  in  turn  is  controlled  by  the  gun  trigger. 
The  bias  control  valve  195  controls  the  hydraulic  fluid 
supply  to  the  secondary  control  valves. 


TABLE  1 

BOLT,  INJECTOR.  BREECH  LOCK.  AND 
PROJECTILE  LOADER  POSITIONS  AS  A 
FUNCTION  OF  SLEEVE*  AND  CA id*  POSITION 


Sleeves 


Cam  follower  Pernios  tf  ef  r 
Bolt  and  bolt  act— tor 
Injector  and  ir jector  •  < 
Breech  lock  act-tor 
and  breech  inch 
Projectile  loader  art— mr 
and  profeede  toeder  lever 
*  Sleeves  jd  < 
control  valve  a 


Forward 

(trigger 

off) 

forward 


Rear 

(trigger  on) 


forward 
forward 
forward  rear 
—locked  locked 
veer  forward 


rear 

forward 

—rocked 

rear 


—  Ml  and  injector  valve,  breech  lock 


When  the  trigger  is  in  the  off  condition,  the  bias  valve 
197  is  forced  forward  by  a  bias  control  spring  196.  Hy- 
draluic  fluid  flows  to  the  rear  of  each  of  the  secondary 
control  valves  247,  277  and  279,  thus  forcing  the 
sleeves  into  the  forward  position.  With  the  steeves  in 
the  forward  position,  the  bolt  and  injector  control  valve 
247  will  allow  hydranfic  fluid  to  flow  to  the  forward 
port  of  the  boh  actuator  13  and  to  the  forward  port  of 
the  injector  actuator  69,  thus  forcing  the  boh  55  and 
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the  injector  pistons  63  and  65  to  the  rear.  The  breech 
lock  control  valve  277  allows  hydraulic  fluid  into  the 
rear  chamber  of  the  breech  lock  actuator  167  which 
forces  the  breech  lock  forward  into  the  unlocked  posi¬ 
tion. 

The  projectile  loader  control  valve  279  allows  hy¬ 
draulic  fluid  to  flow  into  the  forward  chamber  of  the 
projectile  leader  actuator  112,  forcing  it  rearward  and 
causing  the  projectile  loader  lever  109  to  move  into  the 
up  position.  As  the  cam  49  rotates,  the  cam  followers 
and  systems  of  all  the  secondary  control  valves  247, 
277  and  279  will  translate  forward  and  backward.  The 
sleeves  will  translate  with  However,  piston.  However  in 
this  trigger  orf  condition,  the  valve  ports  are  arranged 
so  that  the  bolt  55,  injector  pistons  63  and  65,  projec¬ 
tile  loader  lever  109,  and  breech  lock  165  wil  remain 
in  position  as  the  sleeves  translate. 

When  the  trigger  is  energized  or  on,  the  bias  control 
valve  195  moves  rearward,  and  hydraluic  fluid  flows  to 
the  forward  chambers  of  the  secondary  control  valve 
247,  277  and  279  forcing  the  sleeves  to  the  rear.  The 
sleeves  will  translate  with  the  valve  spools  as  the  main 
cam  49  rotates.  However,  with  the  sleeves  in  the  rear 
position,  the  valve  ports  are  arranged  so  that  the  fol- 
Ifiwing  jc  accomplished: 

In  the  boll  and  injection  control  valve  247,  with  the 
sleeves  positioned  to  the  rear,  translation  of  the  spool 
253  and  the  sleeve  255  forward  as  the  main  cam  49  ro¬ 
tates  allows  hydraulic  fluid  to  flow  to  the  forward 
chamber  of  the  bolt  actuator  83  and  the  injector  actua¬ 
tor  68.  thus  forcing  the  bolt  55  and  the  injector  pistons 
63  ar.d  65  to  the  rear.  Translation  of  the  spool  253  and 
sleev  e  255  rearward  allows  hydraulic  fluid  to  flow  to 
the  rear  chamber  of  the  bolt  and  injector  actuators, 
thus  forcing  the  bolt  and  injector  piston  forward. 

In  the  breech  lock  control  valve  277  with  the  sleeves 
291  in  the  rear  position,  translation  of  the  sleeve  291 
and  spool  289  forward  as  the  main  cam  49  rotates  al¬ 
lows  hvdraulic  fluid  to  flow  into  the  rear  chamber  of 
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end  of  the  valve  223  and  engages  one  of  two  groove* 
or  traces  241  and  243  in  the  main  cam  49.  The  normal 
position  of  the  misfire  detection  mechanism  and  mod¬ 
ule  shutdown  valve  is  when  the  cam  follower  engages 
5  its  forward  trace  241,  or  the  valve  223  in  the  forward 
position  or  open  position.  The  valve  is  acted  upon  by 
several  forces,  depending  on  the  control  mode. 

In  the  trigger  off  (bias  control  valve  195  in  the  for¬ 
ward  position)  condition,  hydraulic  fluid  is  allowed  tc 
10  flow  into  the  spring  chamber  235  of  the  misfire  detec¬ 
tion  module  shutdown  system  valve.  Tr.e  combination 
of  the  spring  and  the  hydraulic  pressure  forces  the 
valve  to  remain  in  the  forward  position  with  the  can- 
follower  239  engaged  in  the  forward  cam  trace  241. 

In  the  trigger  on  (bias  control  valve  595  in  the  real 
position)  condition,  hydraulic  fluid  flows  into  the  rear 
chamber,  acting  on  the  rear  piston  237  and  exerting  a 
force  rearward  on  the  valve  223.  However,  during  nor¬ 
mal  firing,  high  pressure  propellant  gases  are  b!ed  into 
the  gas  chamber  121  which  exert  a  force  to  maintain 
the  valve  223  in  the  forward  position.  The  combination 
of  the  bleed  gas  pressure  and  spring  exert  a  greate* 
force  than  the  hydraulic  force  so  that  valve  stays  in  the 
forward  direction. 

In  the  event  of  a  misfire,  there  will  be  no  propellan' 
gas  pressures  generated.  The  hydraulic  fluid  pressure  ir 
the  rear  chamber  of  the  housing  209  acting  on  the  rea^" 
piston  237  will  overcome  the  force  of  the  spring  235 
30  and  will  exert  a  net  rearward  force.  As  the  main  can 
49  rotacs  around,  the  cam  follower  239  will  engage  flit 
transfer  groove  or  path  245  and  will  move  rearward  to 
engage  the  rear  groove  or  trace  243.  The  misfire  detec¬ 
tion  and  rnoduie  shutdown  valve  223  will  be  forced  tc 
35  the  rear  and  will  remain  ir.  this  position.  In  moving  tc 
the  rear  position,  the  valve  will  shut  off  the  primary  hy¬ 
draulic  flow  from  the  conduit  191  to  the  bias  contrc.1 
valve  195,  the  bolt  and  injector  control  valve  247,  th: 
breech  lock  control  valve  277  and  the  projectile  loade  ' 
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the  breech  lock  actuator  163,  forcing  it  forward  and  40  contro>  valvC  579-  The  shul<iov/n  hydraulic  circuit  is 


unlocking  the  breech.  Translation  of  the  sleeve  and 
spool  to  the  rear  allows  hydraulic  fluid  to  flow  into  the 
forward  chamber  of  tiie  breech  lock  actuator  163,  forc¬ 
ing  it  rearward  and  locking  the  breech. 

In  the  projectile  loader  conrol  valve  279  with  its 
sleeve  317  in  the  rear  position,  translation  of  the  sleeve 
317  and  spool  315  forward  as  the  main  cam  49  rotates 
allows  hydraulic  fluid  to  flow  to  the  forward  chamber 
of  the  projectile  loader  actuator  112  forcing  the  3Ctua- 


opened.  and  hvdraulic  fluid  will  flow  through  the  re¬ 
stricting  orifice  233  and  through  ll.e  check  valve  301 
to  the  forward  end  of  the  breech  lock  actuator  163  an c~. 
through  the  check  valve  343  to  the  forw  ard  end  of  the 
45  projectile  loader  actuator  1 12.  The  bret  c„  Jock  actua¬ 
tor  163  is  forced  to  the  rear  into  the  locked  position 
The  projectile  loader  actuator  1 12  is  also  forced  to  the 
rear.  Hydraulic  fluid  also  flows  through  tr.e  three-way 
time  delay  valve  161  and  forces  the  purge  valve  piston 


tor  rearward  and  positioning  the  projectile  loader  lever  50  Me  147  forward,  opening  the  chamber  purge  valv 


109  in  the  up  position.  Translation  of  the  sleeve  and 
spool  to  the  rear  allows  hydraulic  fluid  to  flow  to  the 
rear  chamber  of  the  projectile  loader  actuator  112 
forcing  it  forward  and  positioning  the  projectile  loader 
lever  into  the  down  position. 

Sequencing  of  the  movement  of  the  bolt  55,  injector 
piston  63  and  65,  breech  lock  165  and  the  projectile 
loader  lever  109  are  controlled  by  the  design  of  a  main 
cam  49.  One  revolution  of  the  main  cam  49  will  result 
in  one  cycle  of  operator,  of  the  bolt,  injectors,  breech 
lock  and  projectile  loader  with  trigger  ;n  the  on  posi¬ 
tion. 

The  other  primary  control  components  are  a  misfire 
detection  mechanism  1 13  and  a  module  shutdown 
valve  223.  The  main  function  of  the  module  shutdown 
valve  223  is  to  shut  off  hydraulic  supply  in  the  event  of 
a  misfire.  A  cam  follower  239  is  attached  to  the  rear 
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60 


65 


141  and  143.  Fuel  (which  may  be  JP-4  in  the  case  o 
an  aircraft  installation)  or  other  fluid  (such  as  water) 
from  the  purge  supply  will  flow  througn  the  chamber 
and  out  to  the  purge  sump,  flushing  the  propellan 
charge  out  of  the  firing  chamber  57.  After  a  suitable 
time  delay,  the  three-way  valve  161  viil  bypass  the  hy¬ 
draluic  fluid  to  the  return  line  193,  and  the  purge  valve 
spring  157  will  force  the  purge  valve  piston  to  the  rear 
closing  the  chamber  purge  valves. 

In  the  misfire,  condition,  the  bolt  55  and  the  injector 
piston  65  will  remain  locked  in  the  forward  position, 
and  the  gun  module  il  will  shutdown  until  serviced. 

While  we  have  illustrated  and  described  the  pre 
ferred  embodiments  of  our  invention,  it  is  to  be  under¬ 
stood  that  these  are  capable  of  variation  and  modifica¬ 
tion.  and  we  therefore  do  not  wish  to  be  limited  to  th* 
precise  details  set  forth,  but  desire  to  avail  ourselves  o 
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such  changes  and  alterations  as  fall  within  the  purview 
of  the  following  claims. 

We  claim: 

1.  A  gun  of  the  kind  in  which  liquid  propellant  is 
burned  in  a  firing  chamber  to  fire  a  projectile  from  the 
gun  and  including,  a  barrel,  a  receiver,  a  bolt,  means 
for  reciprocating  the  bolt  in  the  receiver,  a  firing  clum¬ 
ber,  injection  mechanism  for  injecting  a  non-hypergolic 
b'.-propellant  liquid  propellant  into  the  firing  chamber 
on  each  cycle  of  reciprocation  of  the  bolt,  said  injec¬ 
tion  mechanism  including  a  separate  injector  for  each 
component  of  the  bi-propellant,  each  said  injector 
comprising  a  chamber  and  a  piston  of  predetermined 
dimensions,  means  rigidly  interconnecting  said  pistons, 
actuator  means  lor  moving  the  interconnected  injector 
pistons  as  a  unit  whereby  said  predetermined  dimen¬ 
sions  and  common  actuator  establish  accurate  meter¬ 
ing  and  a  constant  mix  of  the  bi-prcpellant  injected  di¬ 
rectly  into  the  firing  chamber  to  fully  occupy  said 
chamber,  igniter  means  for  igniting  the  non-hypergolic 
bi-propellant  in  the  firing  chamber  and  control  means 
effective  to  actuate  the  igniter  means  to  ignite  the  pro¬ 
pellant  after  the  injection  mechanism  has  filled  the  fir¬ 
ing  chamber  with  the  non-hypergohe  bi-propellant  mix. 

2.  A  gun  as  defined  in  claim  1  wherein  the  actuator 
means  include  a  motor  powered  by  a  source  of  fluid 
separate  from  the  gun. 

3.  A  gun  as  defined  in  claim  2  including  a  control 
valve  for  each  motor,  each  said  control  valve  having  a 
control  element  driven  by  a  cam  follower,  and  a  rotat¬ 
able  cam  engaged  to  provide  cam  control  and  fi  id  ac¬ 
tuator  drive  for  the  injection  mechanism  by  eauh  said 
follower. 

4.  A  gun  as  defined  in  claim  3  whe;Jn  said  motor  in¬ 
cludes  a  movable  clement  including  <  cam  follower  and 
wherein  the  cam  has  a  trace  engaged  by  a  re.pective 
control  element  cam  follower  and  has  a  second  trace 
engaged  by  the  movable  element  of  the  motor  to  insure 
a  precise  phase  relationship  between  the  control  val>  e 
and  the  motor. 

5.  A  rapid  firing  gun  of  the  kind  in  which  liquid  pro¬ 
pellant  it  burned  in  a  firing  chamber  to  fire  a  •>r*.ject>le 
from  the  gun  said  gun  comprising,  a  ba-rel,  a  reeeivtt, 
a  bolt,  bolt  actuator  means  fot  reciprocating  the  bolt 
within  the  receiver,  a  combustion  chamber  having  * nil 
structure  of  substantial  mass  subj-ct'd  to  heat  soak 
produced  during  the  rapid  firing  of  n  bui.t  if  projec¬ 
tiles  from  the  combustion  chamber,  irjeotioi.  mecha¬ 
nism  for  injecting  liquid  propellant  into  .he  combustion 
chamber,  said  injection  mechanism  including  a  cylin¬ 
der  for  containing  the  liquid  propellant  to  be  injecled 
and  a  piston  reciprocable  within  the  cylinde.  to  tjxl 
the  propellant  from  the  cylinder  into  the  combustion 
chamber  on  each  cycle  of  reciprocation  of  the  bolt, 
mounting  means  mounting  the  injection  mechanism  fot 
movement  between  a  first,  injection  position  in  which 
the  injection  mechanism  is  physically  connected  to  the 
combustion  chamber  for  injecting  liquid  propellant 
into  :he  combustion  chamber  and  a  second,  isolated 
position  in  which  the  injection  mechanism  including 
the  liquid  propellant  in  the  cylinder  are  physically  sepa¬ 
rated  from  the  waii  :»ruc»urc  of  the  combustion  cham¬ 
ber  to  provide  a  thermal  barrier  to  heat  flow  from  me 
combustion  chamber  wall  structure  to  the  propelUnt, 
actuator  means  for  moving  the  injection  mechanism 
betwern  the  injection  position  and  the  isolated  posi- 
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tion,  and  valve  means  within  the  piston  operable  on  re¬ 
traction  of  the  bolt  to  permit  refilling  of  the  cylinder 
piston  assembly  with  propellant  as  the  piston  is  moved 
rearward  through  the  propellant  within  the  cylinder 
5  after  a  firing  of  a  projectile  from  the  gun. 

6.  A  hydraulically  controlled  gun  of  the  kind  in  which 
liquid  propellant  is  burned  in  a  firing  chamber  to  fire 
a  projectile  from  the  gun  including,  a  barrel,  a  receiver, 
a  bolt,  a  first  hydraulic  actuator  for  recipiocating  the 

10  bolt  within  the  receiver,  a  firing  chamber,  injection 
mechanism  for  injecting  a  liquid  propellant  directly 
into  the  firing  chamber,  a  second  hydraulic  actuator 
connected  to  actuate  the  injection  mechanism,  cam 
means,  a  control  valve  for  controlling  movement  of 
IS  each  said  hydraulic  actuator,  a  hydraulic  circuit  inter¬ 
connecting  a  source  of  high  pressure  hydraulic  fluid  in¬ 
dependent  of  the  gun  with  said  valve  means  and  said 
actuators  to  power  said  hydraulic  actuators  under  the 
control  of  the  valve  means,  each  said  valve  means  hav- 
20  ing  cam  follower  means  engaging  said  cam  means 
whet  eby  the  injection  of  said  liquid  propellant  b  coor¬ 
dinated  with  the  reciprocation  of  said  bolt. 

7.  A  gun  as  defined  in  claim  6  wherein  the  liquid  pro¬ 
pellant  b  a  mono- propellant 

25  B.  A  gun  as  defined  in  claim  6  wherein  the  liquid  pro¬ 
pellant  b  a  non-hypergolic  bi-propellant. 

9.  A  gun  as  defined  in  claim  8  including  actuators 
movable  through  relatively  large  distances  for  recipro¬ 
cating  the  propellant  injection  mechanism  and  the  boh, 

30  cam  followers  movable  through  relatively  small  db- 
tances  for  controlling  the  actuators  and  wherein  both 
the  actuato.s  and  the  cam  followers  are  continuously 
engaged  with  the  cam  to  insure  a  precise  phase  rela¬ 
tionship  between  the  actuators  and  the  cam  followers. 
35 

10.  A  rapid  firing  gun  of  the  kind  in  which  liquid  pro¬ 
pellant  b  burned  ;a  a  combustion  chamber  to  fire  a  pro¬ 
jectile  from  the  gun,  said  gup  comprbing,  a  barrel,  a  re¬ 
ceiver.  a  toll,  colt  actuator  i  leans  for  reciprocating  the 

40  belt  vjtfcin  the  rcricvci,  a  combustion  chamber  having 
wail  structure  of  substantial  mass  subjected  to  heat 
soak  produced  during  the  rapid  firing  of  a  burst  of  pro¬ 
jectiles  from  the  combustion  chamber,  injection  mech¬ 
anism  for  injecijg  liquid  propellant  into  the  combus- 
45  tion  chamber,  said  iriectxn  mechanism  including  a 
cylinder  for  con'.aini  i~  the  liquid  propellant  to  be  in¬ 
jected  and  a  piston  reciprocable  within  the  cylinder  to 
eject  the  propellant  tioro  the  cylinder  into  the  combus¬ 
tion  chamber  on  each  cycle  of  reciprocation  of  the 
0  bolt,  mounting  means  including  a  bore  in  the  receiver 
separate  from  the  colt  cioun  mg  the  injection  mecha¬ 
nism  for  movement  between  a  first,  injection  position 
hi  which  the  injection  mechanism  including  said  cyHn- 
5  s  der  b  physically  connected  tc  the  combustion  chamber 
3  for  injecting  liquid  propellant  into  the  combustion 
chamfer  and  a  second,  isolated  position  in  which  the 
injection  mechanism  including  said  cylinder  and  the 
liquid  propellant  in  the  cylinder  are  physically  sepa- 
w  rated  from  the  wall  structure  of  the  combustion  cham¬ 
ber  to  provide  a  thermal  barrier  to  heat  flow’  from  the 
hot  combustion  chamber  wall  structure  to  the  propel¬ 
lant,  and  actuator  means  for  moving  the  injection 
mechanbm  between  the  injection  position  and  the  iso- 
65  lated  position. 

11.  A  gun  as  defined  in  claim  10  including  control 
means  for  the  actuator  means  effective  to  retain  the  in¬ 
jection  mechanism  in  the  first,  injection  position  during 
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the  firing  of  a  burst  and  to  retract  the  injector  mecha¬ 
nism  in  the  bore  to  the  second,  isolated  position  only 
after  the  firing  of  a  burst  has  been  completed. 

12.  A  rapid  firing  gun  of  the  kind  in  which  liquid  pro¬ 
pellant  is  burned  in  a  combustion  chamber  to  fire  a  pro¬ 
jectile  from  the  gun,  said  gun  comprising,  a  barrel,  a  re¬ 
ceiver,  a  bolt,  means  for  reciprocating  the  bolt  within 
the  receiver,  a  combustion  chrmber  having  wall  struc¬ 
ture  of  substantial  mass  subjected  to  heat  soak  oro- 
duced  during  the  rapid  firing  of  a  burst  of  projectiles 
from  the  combustion  chamber,  injection  mechanism 
for  injecting  liquid  propellant  into  the  combustion 
chamber,  said  injection  mechanism  including  a  cylin¬ 
der  for  containing  the  liquid  propellant  to  be  injected 
and  a  piston  reciprocable  within  the  cylinder  to  eject 
the  propellant  from  the  cylinder  into  the  combustion 
chamber,  mounting  means  for  the  injection  mechanism 
for  movement  between  a  first,  injection  position  in 
which  the  iniection  mechanism  is  physically  connected 
to  the  combustion  chamber  for  injecting  liquid  propel¬ 
lant  into  the  combustion  chamber  and  a  second,  iso¬ 
lated  position  in  which  the  injection  mechanism  and 
the  liquid  propellant  in  the  cylinder  are  physically  sepa¬ 
rated  from  the  wall  stnictuie  of  the  combustion  cham¬ 
ber  to  provide  a  thermal  barrier  to  heat  flow  from  the 
hot  combustion  chamber  wall  structure  to  the  propel¬ 
lant,  and  actuator  means  fer  moving  the  injection 
mechanism  between  the  injection  position  and  the  iso¬ 
lated  position,  and  wherein  the  mounting  means  mount 
the  injection  mechanism  for  reciprocation  within  the 
bolt  and  the  injection  mechanism  is  retracted  to  the 
second,  isolated  position  w;th  the  retraction  of  the  boll 
after  the  firing  of  each  round. 

13.  A  rapid  firing  gun  of  the  kind  in  which  liquid  pro¬ 
pellant  is  burned  in  a  combustion  chamtar  to  fire  a  pro¬ 
jectile  from  the  gun,  said  gun  comprising,  a  barrel,  a  re¬ 
ceiver.  a  bolt,  bolt  actuator  means  for  reciprocating  the 
bolt  within  the  receiver,  a  combustion  chamber  having 
wall  stricture  of  substantial  mass  subjected  to  heat 
soak  produced  during  the  rapid  firing  of  a  burst  of  pro¬ 
jectiles  from  the  combustion  chamber,  irsjecticr.  mech¬ 
anism  for  i'.iecting  licuid  propeliant  into  the  combus¬ 
tion  chamber,  said  injection  mechanism  including  a 
cylinder  for  containing  the  liquid  prcpellmt  to  be  in¬ 
jected.  means  for  ejecting  the  propellant  from  the  cyl¬ 
inder  into  the  combustion  chamber  on  each  cycle  of  re- 
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ciprocation  of  the  bolt,  mounting  means  including  a 
bore  in  the  receiver  separate  from  the  bolt  mounting 
the  injection  mechanism  for  movement  between  a  first, 
injection  position  in  which  the  injection  mechanism  in- 
S  eluding  said  cylinder  is  physically  connected  to  the 
combustion  chamber  for  injection  liquid  propellant 
into  the  combustion  chamber  and  a  second,  isolated 
position  in  which  the  injection  mechanism  including 
said  cylinder  and  the  liquid  propeliant  in  the  cylinder 
10  are  physically  separated  from  the  wall  structure  of  the 
combustion  chamber  to  provide  a  thermal  barrier  to 
heat  flow  from  the  hot  combustion  chamber  wall  struc¬ 
ture  to  the  propellant,  and  actuator  means  for  moving 
the  injection  mechanism  between  the  injection  position 
■  5  and  the  isolated  position. 

14.  A  rapid  firing  gun  of  the  kind  in  which  liquid  pro¬ 
pellant  is  burned  in  a  combustion  chamber  to  fire  a  pro¬ 
jectile  from  the  gun,  said  gun  comprising,  a  barrel,  a  re¬ 
ceiver,  a  bolt,  means  for  reciprocating  the  bolt  within 
20  the  receiver,  a  combustion  chamber  having  wall  struc¬ 
ture  of  substantia!  mass  subjected  to  heat  soak  pro¬ 
duced  during  the  rapid  firing  of  a  burst  of  projectiles 
from  the  combustion  chamber,  injection  mechanism 
for  injecting  liquid  propellant  into  the  combustion 
25  chamber,  said  injection  mechanism  including  a  cylin¬ 
der  for  containing  the  liquid  propellant  to  be  injected, 
means  for  ejecting  the  propeilant  from  the  cylinder  into 
the  combustion  chamber,  mounting  means  mounting 
the  injection  mechanism  for  movement  between  a  first, 
injection  position  in  which  the  injection  mechanism  is 
physically  connected  to  the  combustion  chamber  for 
injecting  liquid  propellant  into  the  ct  .rr.bustion  cham¬ 
ber  and  a  second,  isolated  position  in  which  the  injec- 
J5  tion  mechanism  and  the  liquid  propellant  in  the  cylin¬ 
der  are  physically  separated  from  the  wall  structure  of 
the  combustion  chamber  to  provide  a  thermal  barrier 
to  heat  flow  from  the  hot  combustion  chamber  wall 
structure  to  the  propellant,  and  actuator  means  for 
40  moving  the  injection  mechanism  between  the  injection 
position  and  the  isolated  position,  and  wherein  the 
mounting  means  mount  the  injection  mechanism  w  ithin 
the  bolt  and  the  injection  mechansim  is  retracted  to  the 
second,  isolated  position  with  the  retraction  of  the  bolt 
after  the  firing  of  each  round. 
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[57]  ABSTRACT 

A  small  bore  liquid  propellant  weapon  fires  projectiles 
transported  to  the  firing  chamber  in  a  projectile  car¬ 
rier.  The  projectile  carrier  is  separated  from  the  pro¬ 
jectile  just  prior  to  firing  the  projectile.  The  projectile 
carrier  can  be  reconnected  with  the  projectile  to  ox- 
tract  the  projectile  from  the  weapon  in  the  event  of  a 
misfire. 

The  small  bore  liquid  propellant  weapon  has  a 
reciprocating  combustion  chamber  housing.  The 
reciprocating  combustion  chamber  housing  forms  a 
large  diameter  combustion  chamber  without  ullage 
and  eliminates  a  lock. 

The  small  bore  liquid  propellant  weapon  includes  an 
integral  magazine  which  has  its  own  pump  for  the 
liquid  propellant.  The  magazine  also  has  a  valve 
element  with  high  pressure  seals  that  operate  only  for 
the  life  of  the  magazine  and  that  are  discarded  with 
the  empty  magazine. 

1 9  Claims,  27  Drawing  Figures 
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BACKGROUND  OF  THE  INVENTION 

1 .  Field  of  the  Invention 

The  invention  relates  to  a  liquid  propellant  weapon. 
The  invention  relates  particularly  to  a  small  bore  liquid 
propellant  weapon  of  the  kind  that  can  be  carried  and 
used  by  an  individual  infantryman. 

2.  Description  of  the  Prior  Art 

Existing  weapons  for  infantrymen  use  solid  propel¬ 
lant  cartridges.  The  existing  weapons  carry  the  solid 
propellant  in  cases,  and  the  cases  form  a  substantial 
part  of  the  overall  weight  of  the  cartridge.  It  is  charac¬ 
teristic  of  the  solid  propellant  that  the  solid  propellant 
develops  a  high  peak  temperature. 

The  trend  in  small  arms  development  is  towards 
higher  projectile  velocity.  Higher  projectile  velocity 
has  a  number  of  advantages.  Higher  velocity  yields  in¬ 
creased  projectile  kinetic  energy  and  penetrating 
power.  Smaller  projectiles  can  be  used,  and  the  effec¬ 
tive  range  can  be  increased. 

High  velocity,  conventional,  cased  ammunition  pur¬ 
chases  performance  at  the  expense  of  increased  propel¬ 
lant  charge  and  a  larger  cartridge  case. 

The  high  peak  temperatures  of  solid  propellants  also 
can  cause  problems  of  barrel  erosion.  This  has  limited 
the  velocity  obtainable  with  solid  propellants  in  small 
bore  weapons. 

Caseless  solid  propellant  systems  have  been  investi¬ 
gated  in  an  attempt  to  eliminate  the  weight  of  the  case. 
The  case  less  solid  propellant  systems  have  not  avoided 
the  problem  of  high  propellant  peak  temperatures 
which,  heating  the  ban-el, limited  the  projectile  velocity 
that  can  be  obtained. 

Liquid  propellant  weapons  have  a  characteristic  low 
peak  temperature.  Substantial  investigation  has  been 
made  of  the  use  of  liquid  propellants  for  automatic 
weapons.  However,  most  of  the  prior  liquid  propellant 
weapon  work  completed  to  date  has  involved  equip¬ 
ment  of  a  bore-sire  larger  than  caliber  0.60.  Prior  work 
with  large  bore  liquid  propellant  weapons  has  been  di¬ 
rected  to  a  projectile  loading  concept  based  on  a  bore- 
size  chamber  in  which  a  caseless  projectile  is  loaded 
into  the  breech  and  is  subsequently'pumped  into  the 
forcing  cone  by  the  propellant  charge  which  then  com¬ 
pletely  fills  the  combustion  chamber.  While  facilitating 
the  projectile  loading  process,  this  geometry  results  in 
two  problems.  It  becomes  extremely  difficult  to  re¬ 
trieve  the  projectile  in  the  event  of  a  misfire,  since  no 
connection  is  available  to  the  projectile,  nor  is  there  a 
convenient  means  of  effecting  an  attachment  once  the 
projectile  is  in  place. 

An  equally  important  consideration  is  that  of  per¬ 
formance  limitations.  In  weapons  requiring  high  muzzle 
velocity  and  hence  large  propellant-to-projectile  mass 
ratio  the  length  to  diameter  ratio  of  the  combustion 
char,  t;'  becomes  excessive  for  acceptable  interior  bal¬ 
listics.  The  bore-sizr  chamber  approach,  therefore,  has 
been  considered  to  be  limited  to  velocities  of  approxi¬ 
mately  4,000  feet  per  second  or  less. 

SUMMARY  OF  THE  INVENTION 

The  small  bore  liquid  propellant  weapon  of  the  pres¬ 
ent  invention  has  a  combustion  chamber  diameter 
which  is  much  larger  than  the  bore  of  the  barrel  of  the 
weapon. 
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In  a  preferred  form  of  the  invention  the  weapon  in¬ 
cludes  a  reciprocating  combustion  chamber  housing 
which  allows  the  formation  of  a  combustion  chamber 
without  the  introduction  of  ullage  in  a  ballistic  system 
5  in  which  the  combustion  chamber  diameter  is  larger 
than  the  bore  diameter  of  the  barrel. 

The  low  length  to  diameter  ratio  of  the  combustion 
chamber  results  in  a  short  reciprocating  stroke.  This 
minimizes  receiver  length  and  improves  chamber  wall 
10  cooling.  This  also  permits  the  use  of  a  stationary  lock 
for  the  combustion  chamber.  It  provides  a  convenient 
means  of  thermal  isolation  of  the  combustion  chamber 
and  a  convenient  means  of  handling  a  projectile  in  a 
gun  employing  chambrage.  It  permits  the  velocity  level 
I S  to  be  readily  increased  by  using  a  longer  chamber  and 
stroke.  It  also  permits  the  length  of  propellant  passages 
in  a  receiver  mechanism  to  be  limited,  and  this  in  turn 
simplifies  the  mechanism,  eliminates  voids  and  elimi¬ 
nates  propellant  filled  passages  which  could  transmit 
20  flame  from  the  combustion  chamber  to  the  propellant 
supply  in  the  magazine. 

In  the  present  invention  the  projectile  is  carried  in  a 
projectile  carrier  which  is  separated  from  the  projectile 
prior  to  firing.  The  projectile  is  a  low  drag  conical  pro- 
25  jectile.  It  has  the  shape  of  a  reentry  body  with  a  narrow 
angle  cone  and  is  aerodynamically  stabilized. 

The  carrier  contains  a  percussion  igniter  which  al¬ 
lows  the  use  of  existing  ignition  techniques  applicable 
to  any  of  the  cuiTcnt  liquid  propellant  systems. 

30  The  carrier  can  be  reengaged  with  the  projectile  to 
remove  the  projectile  in  the  event  of  misfire. 

The  projectile  carrier  is  also  a  key  element  in  trans¬ 
porting  the  projectile  through  the  larger  than  bore  di¬ 
ameter  chamber  (chambrage)  which  is  necessary  in  a 
35  high  performance  gun. 

The  weapon  of  the  present  invention  includes  a  mag¬ 
azine  which  has  a  pumping  mechanism  integral  with  the 
magazine.  The  pumping  mechanism  is  operated  by  the 
action  of  the  reciprocating  bolt  of  the  weapon.  A  pro- 
40  pellant  supply  valve  and  high  pressure  seals  on  the 
valve  are  an  integral  part  of  the  magazine.  The  incorpo¬ 
ration  of  the  high  pressure  seals  as  an  Integra!  par*  of 
the  magazine,  and  the  manner  in  which  the  magazine 
and  the  high  pressure  valve  are  associated  with  the  rest 
cf  the  weapon  have  several  advantages.  The  high  pres¬ 
sure  valve  element  and  seals  have  to  operate  only  for 
the  life  of  the  magazine.  The  valve  element  ard  seals 
are  discarded  with  the  empty  magazine.  A  new  high 
j0  pressure  inlet  valve  element  and  new  high  pressure 
seals  are  provided  each  time  the  magazine  is  replaced. 

Other  and  further  objects  of  the  present  invention 
will  be  apparent  from  the  following  description  and 
claims  and  are  illustrated  in  the  accompanying  draw- 
55  ings  which,  by  way  of  illustration,  show  preferred  em¬ 
bodiments  of  the  present  invention  and  the  principles 
thereof  and  what  are  now  considered  to  be  the  best 
modes  contemplated  for  applying  these  principles. 
Other  embodiments  of  the  invention  embodying  the 
same  or  equivalent  principles  may  be  used  and  struc¬ 
tural  changes  may  be  made  as  desired  by  those  skilled 
in  the  art  without  departing  from  the  present  invention 
and  the  purview  of  the  appended  claims. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
6S 

FIG.  1  is  a  side  elevation  view  of  a  small  bore  liquid 
propellant  weapon  constructed  in  accordance  with  one 
embodiment  of  the  present  invention; 


3,803,975 


3 

FIG.  2  is  a  side  elevation  view  in  cross  section  of  a 
projectile-carrier  assembly  constructed  in  accordance 
with  one  embodiment  of  the  present  invention; 

FIG.  3  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  by  the  arrows  3—3  in 
FIG.  2; 

FIG.  4  is  a  side  elevation  view  of  the  carrier  alone; 

FIG.  5  is  a  side  elevation  view  of  the  projectile  alone; 

FIG.  6  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  by  the  arrows  6—6  in 
FIG.  5; 

FIG.  7  is  a  side  elevation  view  (partly  broken  away 
to  show  details  of  construction)  of  a  magazine  con¬ 
structed  in  accordance  with  one  embodiment  of  the 
present  invention; 

FIG.  8  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  by  the  arrows  8 — 8  in 
FIG.  7; 

FIG.  9  is  a  fragmentary,  enlarged,  side  elevation, 
cross-sectional  view  showing  the  magazine  loaded  in 
the  weapon; 

FIG.  10  is  a  top  plan  view  taken  generally  along  the 
line  and  in  the  direction  indicated  by  the  arrows 
10-10  in  FIG.  9; 

FIGS.  11-15  are  schematic  side  elevation  views  of 
the  structure  shown  in  FIG.  9  showing  the  position  as¬ 
sumed  by  the  different  elements  of  the  structure  during 
a  cycle  of  automatic  firing  operation; 

FIG.  16  is  a  graph  showing  the  comparison  of  tem¬ 
peratures  in  a  barrel  for  so’id  propellants  and  for  liquid 
propellants; 

FIG.  17  is  a  graph  showing  the  drag  coefficient  for 
different  types  of  projectiles; 

FIG.  18  is  a  fragmentary  side  elevation  view  in  cross- 
section,  like  FIG.  9,  of  a  weapon  constructed  in  accor¬ 
dance  with  another  embodiment  of  the  present  inven¬ 
tion.  The  embodiment  shown  in  FIG,  18  incorporates 
a  reciprocating  combustion  chamber  housing; 

FIG.  19  is  an  end  elevation  view  taken  generally 
along  the  line  and  in  the  direction  indicated  by  the  ar¬ 
rows  19—19  in  FIG.  18; 

FIG.  20  is  a  plan  view  showing  the  cam  paths  for  ac¬ 
tuating  the  bolt  of  the  embodiment  shown  in  FIG.  18; 

FIGS.  21  A  through  D  are  side  elevation  views  of  a 
carrier  incorporating  a  positive  misfire  extraction  con¬ 
struction; 

FIG.  22  is  a  side  elevation  of  a  magazine  constructed 
in  accordance  with  another  embodiment  of  the  present 
invention; 

FIG.  23  is  a  fragmentary  sectional  view  taken  gener¬ 
ally  along  the  line  and  in  the  direction  indicated  by  the 
arrows  23 — 23  in  FIG.  22;  and 

FIG.  24  is  a  detail  view  of  a  strap  transfer  mechanism. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

A  small  bore  liquid  propellant  weapon  constructed  in 
accordance  with  one  embodiment  of  the  present  inven¬ 
tion  is  indicated  generally  by  the  reference  numeral  41 
in  FIG.  I. 

The  weapon  41  is  illustrated  as  a  shoulder  weapon. 
The  present  invention  could  atso  be  embodied  in  other 
types  of  weapons,  such  as  hand  weapons  or  vehicle 
mounted  weapons. 

The  principal  components  of  the  weapon  41  are  a 
barrel  43,’  a  receiver  assembly  45  and  a  magazine  47. 
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The  receiver  assembly  will  be  described  with  refer¬ 
ence  to  FIGS.  9  and  10  for  one  embodiment  of  the 
present  invention  and  with  reference  to  FIGS.  18  and 
19  with  reference  to  another  embodiment  of  the  pres- 
5  ent  invention. 

The  magazine  47  will  be  described  below  with  refer-  — . 
ence  to  FIGS.  7,  8, 9, 18,  22  and  23. 

The  magazine  47  supplies  liquid  propellant  and  pro¬ 
jectiles  to  the  receiver  assembly  45  of  weapon  41.  Each 
10  of  the  projectiles  is  transported  through  the  magazine 
and  receiver  assembly  and  into  the  firing  chamber  by 
a  carrier.  The  projectile  is  separated  from  the  carrier 
prior  to  firing. 

A  projectile-carrier  assembly  constructed  in  accor-  , 

1 5  dance  with  one  embodiment  of  the  present  invention  is 
illustrated  generally  by  the  reference  numeral  49  in  | 
FIG.  2.  The  projectile-carrier  assembly  49  includes  a 
projectile  51  and  a  carrier  53. 

The  projectile  51  may  have  a  reentry  body  configura- 
20  lion  (as  illustrated)  with  a  narrow  angle  cone.  The  re¬ 
entry  body  shape  is  aerodynamical ly  stabilized  and  has 
a  low  drag  coefficient  as  shewn  by  the  chart  of  FIG.  17. 

The  projectile  can  also  be  a  conventional  spin  stabi¬ 
lized  configuration. 

25  The  projectile  51  includes  in  bore  stabilizing  fins  55, 
a  projectile  seal  57,  propellant  flow  grooves  59  and  re-  , 
cesses  or  grooves  61  for  attachment  to  the  carrier  53. 

The  seal  57  also  serves  to  retain  the  projectile  in  the 
barrel  after  the  projectile  is  loaded. 

30  The  carrier  53  has  a  relatively  short  axial  length  so  as 
to  contribute  little  additional  length  to  the  overall 
projectile-carrier  assembly.  The  carrier  has  a  number 
of  forwardly  extending  fingers  or  clips  63,  and  each  fin¬ 
ger  or  clip  63  has  a  radially  inwardly  extending  dimple 
35  or  projection  65  which  seats  in  a  groove  61  of  the  pro¬ 
jectile. 

When  the  carrier  projectile  assembly  is  placed  in  the 
bore,  liquid  propellant  is  pumped  through  the  propel¬ 
lant  flow  groove  59  and  between  the  back  face  67  of 
40  the  projectile  and  the  inner  face  69  of  the  carrier  to 
pump  or  force  the  carrier  53  backwards  to  the  rear  end 
of  the  firing  chamber  of  the  recc'  -r  assembly  in  a  man- 
ner  which  will  be  described  in  deu.  below  with  refer¬ 
ence  to  FIGS.  1 1-15.  The  resilient  fingers  63  flex  to 
45  permit  the  dimple  65  to  release  from  the  groove  61  dur¬ 
ing  this  separation  operation. 

In  the  event  of  a  misfire  the  carrier  53  can  be  moved 
forward  and  can  be  reconnected  with  the  projectile  51 
to  extract  the  projectile  from  the  firing  chamber  in  a  - 
5  manner  also  to  be  described  in  greater  detail  below. 

The  carrier  53  includes  a  carrier  seal  71. 

The  carrier  also  includes  an  alignment  flat  73,  best 
shown  in  FIG.  3.  The  alignment  fiat  73  coacts  with  a 
si  corresponding  flat  on  the  bolt  to  align  the  projectile- 
3  carrier  assembly  in  a  manner  to  be  described  below. 

The  flat  73  maintains  orientation  of  the  carrier  ret# — 
five  to  the  projectile  during  the  cycle,  thus  insuring  that 
the  dimples  will  properly  reengage  the  projectile  in  the 
6 1  event  it  must  be  removed  from  the  bore  in  the  event  of 
malfunction. 

The  carrier  53  also  includes  an  extraction  lip  75.  This 
extraction  tip  75  is  engaged  by  a  part  on  the  bolt  after- 
the  projectile  has  been  fired. 

6J  The  magazine  47  (as  shown  in  FIGS.  7, 8,  9, 22  and 
23)  carries  both  the  propellant  and  the  projectile- 
carrier  assemblies.  The  propellant  supply  is  carried  in 
a  flexible  tank  or  reservoir  79  within  the  magazine 
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housing.  As  best  shown  in  FIGS.  22  and  23  the  flexible 
tank  79  may  have  accordion  type  pleating  and  can  be 
operated  by  a  tape  drive  mechanism  181  actuated  by 
the  bolt  to  lift  the  bottom  of  the  tank  79  on  each  cycle 
of  operation  to  pump  propellant  into  the  weapon. 

The  magazine  shown  in  FIG.  7  includes  expansion 
tanks  8 1  connected  to  the  main  lark  79  by  conduits  83. 

As  best  shown  in  FIG.  9  the  propellant  supply  part  of 
the  magazine  includes  a  spring  loaded  valve  element  85 
which  seats  in  a  valve  seat  87  when  tnc  magazine  is  not 
associated  with  the  weapon.  When  the  magazine  is  con¬ 
nected  to  the  weapon,  downwardly  extending  tube  89, 
as  shown  in  FIG.  9,  pushes  the  valve  element  85  down¬ 
wardly  to  establish  fluid  communication  through  a  slot 
91  in  the  sidewall  of  the  tube  89. 

The  projectile-carrier  assemblies  are  fed  upwardly 
through  a  pair  of  channels  93  and  into  a  common  chan¬ 
nel  9S  and  then  into  the  receiver  assembly  of  the 
weapon  by  the  same  bolt  actuated  elevator  mechanism 
used  to  lift  the  bottom  wall  of  the  propellant  supply 
tank  or  reservoir  79. 

A  specific  description  of  the  lift  mechanism  for  the 
magazine  is  set  forth  below  with  reference  to  FIGS. 
22-24. 

A  strippable  top  97  retains  the  projectiles  in  place 
until  the  magazine  is  loaded  into  the  weapon. 

A  number  of  liquid  propellants  have  been  found  sat¬ 
isfactory  for  the  weapon  of  the  present  invention.  They 
include  but  are  not  limited  to  mono  propellants  such  as 
hydrazine  nitrate  composed  of  35%  NjHjNOj,  5%  H,0 
and  60%  N,H,;  Monomethyl  Hydrazine  Nitrate  90%; 
Ethyl  Propyl  Nitrate  60/40;  Otto  Fuel  II. 

A  metal  partition  in  the  magazine  serves  to  positively 
isolate  the  primers  in  the  projectile-carrier  assembly 
from  the  propellant  in  the  tank  79  to  preclude  inadver¬ 
tent  ignition.  A  suitable  strap  transfer  mechanism  can 
be  associated  with  the  elevator  strap  101,  as  shown  in 
FIG.  24. 

The  receiver  assembly  45,  as  shown  in  FIG.  9,  has  a 
two-part  bolt  assembly.  The  boil  assembly  includes  an 
outer  boll  103  and  an  inner  bolt  105. 

The  outer  bolt  is  reciprocal  within  a  bore  107  in  the 
receiver  assembly  45  and  barrel  43. 

The  inner  bolt  105  is  reciprocable  within  a  bore  109 
in  the  outer  holt.  * 

The  tube  89  connecting  the  propellant  supply  in  the 
magazine  also  connects  a  tube  or  conduit  1 1 1  in  the  re¬ 
ceiver  assembly  through  a  propellant  control  valve  1 13. 
The  forward  end  of  the  tube  111  slides  within  a  bore 
1 14  in  the  outer  bolt  in  trombone  fashion  during  the  re¬ 
ciprocation  of  the  outer  bolt  103. 

A  seal  1 10  seals  between  the  tube  Ill  and  the  bore 
113. 

The  forward  end  of  the  conduit  1 16  connects  to  the 
combustion  chamber  115  through  a  spring  biased  one 
way  ball  check  valve  1 17  in  the  forward  face  of  the 
outer  bolt  103. 

A  seal  1 19  is  carried  at  the  forward  end  of  the  outer 
bolt  to  seal  against  the  wall  107  of  the  combustion 
chamber  IIS. 

The  forward  end  of  the  inner  bolt  105  includes  ex¬ 
tractor  clip  121  which  is  rcsilicnlly  biased  by  a  spring 
i23.  The  forward  ends  of  the  resilient  arms  of  the  clip 
121  clip  over  the  extraction  lip  75  of  the  carrier  to  re¬ 
move  the  carrier  from  the  bore  109  after  firing. 

An  off  center  ejector  pin  125  in  the  inner  bolt  (See 
FIG.  15)  kicks  the  carrier  out  through  an  ejection  slot 
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127  in  the  outer  bolt  and  in  the  receiver  assembly  45. 

A  firing  pin  129  is  reciprocable  within  a  bore  131  in 
the  inner  bolt  105  to  ignite  the  propellant  igniter  77  in 
the  carrier. 

5  A  bolt  lock  133,  see  FIG.  10,  is  pivoted  about  a  pivot 
135  and  is  spring  biased  towards  the  position  illustrated 
in  FIG.  10  by  a  spring  137  to  place  the  forward  face  of 
the  bolt  lock  in  locking  engagement  with  the  rear  face 
139  of  both  the  outer  bolt  103  and  the  inner  bolt  105. 
10  A  cam  139  moves  forward  and  engages  a  correspond¬ 
ing  cam  surface  141  on  the  bolt  lock  133  to  pivot  the 
bolt  lock  against  the  force  of  the  spring  137  to  release 
the  bolt  at  the  end  of  the  firing  cycle. 

The  operation  of  the  weapon  thus  far  described  is  il¬ 
ls  lustrated  in  FIGS.  11-16  which  illustrate  respectively 
projectile  transfer,  projectile  ramming,  propellant  load¬ 
ing,  combustion,  and  the  carrier  ejection. 

The  automatic  firing  cycle  is  initiated  with  the  bolt  in 
the  open  position  after  the  firing  of  a  burst.  This  elimi- 
20  nates  cook-off  of  a  round  in  the  hot  breech.  Propellant 
isolation  is  effected  by  supplying  the  propellant 
through  the  bolt.  This  allows  insertion  of  a  thermal  bar¬ 
rier  between  the  barrel  and  receiver  group,  effectively 
isolating  the  hot  baiTcl  from  those  components  in  di- 
25  rect  contact  with  liquid  propellant. 

There  is  little  likelihood  of  dynamic  cook-off  of  pro¬ 
pellant  during  loading.  Static  cook-off,  however,  can  be 
a  problem,  as  it  is  with  caseless  solid  propellant  ammu¬ 
nition. 

30  It  is  therefore  an  important  feature  of  the  present  in¬ 
vention  that  the  propellant  supply  is  isolated  from  those 
hot  surfaces  which  might  effect  ignition  of  a  chambered 
round  or  ignition  in  the  propellant  supply. 

When  released  by  the  trigger  operated  sear,  the  bolt 
35  peks  up  a  carrier  and  projectile  from  the  ciip  and  in¬ 
serts  the  assembly  into  the  bolt  bore.  The  bolt-operated 
elevator  mechanism  of  the  magazine,  described  above, 
effects  this  action  by  lifting  the  entire  string  of  projec¬ 
tile-carrier  assembly  described  above. 

40  The  flat  73  or.  the  carrier  extractor  ram  aligns  the 
carrier. 

The  bolt  is  then  driven  forward,  as  illustrated  in  FIG. 
12,  by  the  operating  mechanism  until  the  projectile  51 
engages  the  bore  opening  of  the  weapon  at  the  forward 
45  end  of  the  combustion  chamber  115. 

The  propellant  valve  113  is  then  opened,  as  illus¬ 
trated  in  FIG.  13.  This  allows  propellant  supply  pres¬ 
sure  to  I )  scat  the  projectile,  2)  separate  the  projectile 
carrier  from  the  projectile  within  the  bolt,  and  3)  Fill 
50  the  combustion  chamber  115  with  propellant  as  the 
bolt  is  moved  rearward,  as  illustrated  in  FIG.  13,  to  its 
firing  position. 

During  this  phase  of  operation  the  propellant  flows 
past  the  one-way  ball  check  valve  117  and  enters  the 
5  carrier  through  the  opening  between  the  fingers  or  clips 
63  in  the  carrier  wall.  The  propellant  flows  through  the 
propellant  flow  grooves  59  in  the  projectile  51  and  acts 
in  the  rear  face  67  of  the  projectile  51  and  the  forward 
M  inner  face  69  of  the  carrier. 

When  the  firing  chamber  115  is  filled,  the  bolt  is 
locked  in  its  rear  position  by  the  lock  133  (See  FIG. 
10). 

The  firing  pin  129  is  released,  and  the  firing  pin 
s  strikes  the  percussion  primer  77,  igniting  the  liquid  pro¬ 
pellant  charge  in  the  combustion  chamber  US. 

After  projectile  exit,  the  boh  is  opened,  the  spent 
projectile  carrier  is  ejected  as  illustrated  in  FIG.  15, 
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and  a  subsequent  cycle  is  initiated  as  long  as  the  trigger  Propellant  passages  in  the  receiver  mechanism  are 
is  depressed.  eliminated  which  simplifies  the  mechanism,  eliminates 

The  weapon  may  also  be  operated  in  a  semi-  voids  and  eliminates  propellant  filled  passages  which 

automatic  mode  if  a  burst  has  not  been  fired  recently.  could  transmit  flame  from  the  combustion  chamber  to 


In  the  semi-automatic  mode  the  man  firing  the  gun 
hand  operates  an  operating  handle  to  fill  the  firing 
chamber  115  with  propellant  and  to  position  the  parts 
in  their  relative  positions  as  assumed  at  the  end  of  pro¬ 
pellant  loading  as  illustrated  in  FIG.  13.  In  this  case  the 
weapon  is  in  effect  cocked  and  ready  to  fire  when  the 
trigger  is  pulled  and  the  firing  pin  is  released  to  engage 
the  igniter  77  as  illustrated  in  FIG.  14.  The  weapon  can 
continue  to  operate  in  the  semi-automatic  mode  as  long 
as  the  chamber  115  does  not  become  hot  enough  to 
allow  static  cook-off. 

A  thermostatic  element  can  be  included  in  the 
weapon  to  override  semi-automatic  operation  when  the 
chamber  housing  is  too  hot  to  allow  semi-automatic 
operation  from  a  filled  chamber. 

As  illustrated  in  FIG.  17  the  drag  coefficient  for  the 
reentry  body  projectile  is  quite  low,  especially  in  com¬ 
parison  to  projectiles  having  configurations  which  are 
presently  being  used.  The  small  bore  liquid  propellant 
gun  of  the  present  invention  permits  the  use  of  this  re¬ 
entry  body  configuration  by  providing  the  requisite 
high  velocity  for  aerodynamic  stabilization.  The 
weapon  of  the  present  invention  can  produce  high  ve¬ 
locity  fas  a  practical  matter)  because  the  liquid  propel¬ 
lant  combustion  does  not  heat  the  barrel  as  much  as 
solid  propellant  combustion.  The  cooler  burning  char¬ 
acteristics  of  the  liquid  propellant  are  graphically  illus¬ 
trated  in  FIG.  16.  This  figu  shows  the  envelope  of 
peak  bore  surface  temperatures  during  eight  round 
bursts  of  liquid  and  solid  propellant  ammunition. 

A  weapon  constructed  in  accordance  with  another 
embodiment  of  the  invention  is  illustrated  in  FIGS.  18, 
19  and  20. 

The  weapon  shown  in  FIGS.  18  and  19  embodies  two 
important  features. 

A  reciprocating  combustion  chamber  housing  slides 
over  the  rear  end  of  the  barrel  and  replaces  the  conven¬ 
tional  bolt  mechanism. 

The  magazine  is  a  completely  self-contained  maga¬ 
zine  which  incorpoiates  a  propellant^pump,  a  chamber 
high  pressure  inlet  valve  and  a  clip  of  projectile-carrier 
assemblies. 

When  the  reciprocable  combustion  chamber  housing 
of  the  embodiment  of  the  weapon  shown  in  FIG.  18  is 
fully  forward,  the  combustion  chamber  is  completely 
eliminated.  As  the  housing  moves  to  the  rear,  the  com¬ 
bustion  cavity  is  formed  in  a  manner  which  eliminates 
ullage. 

This  embodiment  of  the  present  invention  achieves  a 
low  length  to  diameter  ratio  for  the  combustion  cham¬ 
ber.  This  minimizes  receiver  length  and  improves 
chamber  wall  cooling  due  to  the  liquid  annulus  remain¬ 
ing  at  the  time  of  initiation. 

This  reciprocating  housing  construction  permits  the 
use  of  a  static  lock  for  the  combustion  chamber. 

Combustion  loads  are  not  carried  through  a  receiver 
but  are  carried  through  the  static  members  linking  the 
barrel  to  the  chamber. 

It  provides  convenient  means  of  thermal  isolation  for 
the  chamber. 

It  permits  ready  increase  of  velocity  level  by  using  a 
longer  chain  be-  and  stroke. 


S  the  propellant  supply  in  the  magazine. 

As  illustrated  in  FIG.  18  a  combustion  chamber  hous- _ 

ing  161  slides  back  and  forth  on  the  outer  surface  163 
of  the  end  of  the  barrel  43. 

The  housing  161  is  shown  in  its  rearward  most  posi- 
10  tion  in  FIG.  18  ready  for  firing.  The  combustion  cham¬ 
ber  housing  161  and  the  bolt  105  are  held  in  this  posi¬ 
tion  by  a  static  or  stationary  lock  165.  The  lock  165 
abuts  the  back  face  of  the  housing  161.  The  lock  165 
includes  an  inner  recess  167  hwich  engages  a  radially 
15  projecting  tang  169  of  the  bolt.  The  tank  169  is  rotated 
into  locking  engagement  with  the  recessed  surface  167 
of  the  lock. 

A  seal  171  at  the  forward  end  of  the  housing  161 
seals  between  the  housing  161  and  the  barrel  surface 
20  163. 

Liquid  propellant  is  admitted  to  the  combustion- 
chamber  151  through  a  port  173  in  the  housing  161. 

A  valve  element  175  controls  the  admission  of  liquid 
propellant  through  the  port  173.  The  valve  element 
75  175  is  reciprocable  within  a  bore  177  in  the  housing 
161,  and  a  vent  179  vents  the  forward  end  of  the  bore 
177. 

As  described  below,  a  strap  transfer  mechanism  181 
is  operated  by  movement  of  the  bolt  to  lift  a  toothed 
30  strap  101  to  elevate  the  nottom  wall  of  the  propellant  ' 
tank  79  and  the  bottom  wall  of  the  c'ip  for  the  projec¬ 
tiles  on  each  cycle  of  operation. 

FIGS.  22  and  23  illustrate  schematically  operation  of 
the  strap  transfer  mechanism  181.  Two  straps  101  are 
35  provided,  one  to  raise  Inc  projectiles  and  the  other  to 
compress  the  propellant  supply  bellows. 

The  strap  transfer  drive  lar.g  184  engages  a  slot  in  the 
holt  which  causes  reciprocation  of  drive  tang  184.  Dur¬ 
ing  rearward  motion  of  the  tang  its  teeth  engage  corre- 
40  sponding  teeth  on  plastic  straD  101  causing  it  to  be 
transported  to  the  rear  and  at  the  same  time  rotating 
take  up  reel  188.  When  the  bolt  moves  forward,  hold- — 
ing  clutch  1S6  prevents  relaxation  of  the  tension  on 
strap  101.  Excess  tension  in  the  strap  is  prevented  by 
45  slipping  action  between  the  drive  teeth  of  tang  IS4  and 
strap  101  which  is  controlled  by  the  spring  load  on- 
holding  clutch  186. 

FiG.  19  illustrates  the  manner  in  which  the  projec¬ 
tile-carrier  assemblies  arc  fed  into  position  in  the  front 
50  of  the  bolt. 

A  pair  of  resilient  clips  at  the  upper  end  of  the  pas¬ 
sage  95  holds  the  uppermost  projectile  in  position  until 
the  forward  movement  of  the  bolt  pushes  the  projectile 
jj  carrier  into  the  combustion  chamber. 

A  tang  or  cam  follower  183  on  the  bolt  engages  a 
groove  or  cam  path  185  to  control  rotation  of  the  bolt 
during  reciprocating  movement  as  illustrated  in  FIG. 
20. 

6Q  As  noted  above,  the  flow  of  propellant  to  the  com¬ 
bustion  chamber  51  is  under  the  control  of  a  valve  ele¬ 
ment  175.  This  valve  clement  175  is  a  part  of  a  pump¬ 
ing  assembly  which  is  indicated  generally  by  the  refer¬ 
ence  numeral  191  and  which  is  an  integral  part  of  the 
fc5  magazine  47. 

The  pumping  assembly  19 1  includes  three  operating 
elen  ents.  These  elements  arc  a  reciprocable  outer 
housing  193,  a  piston  195  and  the  valve  element  17S. 
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The  piston  195  slides  within  a  bore  197  within  the 
outer  housing  193,  and  is  connected  to  a  piston  rod  199 
which  extends  outwardly  through  a  sealed  opening  in 
the  rearward  end  of  the  outer  housing  193. 

The  valve  element  175  is  connected  to  a  rod  201 
which  extends  through  a  seal  in  the  piston  195  and 
which  is  reciprocable  within  a  bore  203  in  the  rod  199. 

The  outer  housing  193,  the  rod  199  and  the  rod  201 
each  have  an  upwardly  extending  lip  which  is  releas- 
ably  engaged  by  an  operating  element  205,  207  and 
209  respectively  of  the  weapon. 

The  rear  face  of  the  valve  element  175  has  a  seal  ele¬ 
ment  211  which  engages  a  forward  annular  face  of  the 
outer  housing  193  in  sealing  relationship  in  the  position 
illustrated  in  FIG.  18. 

The  valve  element  175  also  includes  sealing  members 
213  and  215.  These  sealing  elements  are  high  pressure 
seals  which  prevent  any  flow  out  the  combustion  cham¬ 
ber  151  during  combustion. 

Propellant  is  drawn  into  the  chamber  formed  in  the 
bore  197  in  front  of  the  piston  195.  during  one  phase 
of  operation  of  the  weapon,  through  a  conduit  217  in 
the  outer  housing  193  and  past  a  spring  biased  one-way 
ball  check  valve  219.  The  conduit  217  has  an  extenrion 
217A  wh;ch  compensates  for  reciprocation  of  the  con¬ 
duit  217  within  the  reservoir  79  to  prevent  an  unequal 
displacement  of  volume  during  reciprocation. 

As  in  the  embodiment  of  the  invention  described 
with  reference  to  FIGS.  9-15,  the  embodiment  illus¬ 
trated  in  FIGS.  18  and  19  can  operate  in  two  modes  — 
the  automatic  mode  for  firing  bursts  and  semi¬ 
automatic  mode. 

The  automatic  mode  is  started  with  the  bolt  105  fully 
retracted  behind  the  projectile  assembly.  The  recipro¬ 
cating  combustion  chamber  housing  161  is  fully  rear¬ 
ward  with  the  rear  face  166  in  abutment  with  the  lock 

165. 

At  this  point  the  strap  101  has  operated  to  lift  the 
bottom  of  ;nc  magazine  to  position  a  projectile-carrier 
assembly  in  Iront  of  the  bolt. 

The  bolt  105  is  then  moved  forward.  This  transfers 
the  projcctilc-carricr  assembly  forward  until  the  pro¬ 
jectile  51  is  seated  in  the  barrel  and  the  elastomer  seal 
57  engages  the  inside  of  the  barrel  to  form  a  liquid  seal. 

Locking  and  unlocking  of  the  bok  is  controlled  by 
the  action  of  the  cam  path  185  on  the  bolt  cam  follower 
183.  Forward  and  backward  movement  of  the  cam 
slide  160  is  controlled  by  the  gas  piston  push  rod  162. 
This  camming  action  rotates  the  bolt  prior  to  forward 
or  backward  movement  of  the  bolt  assembly.  A  manual 
override  164  is  provided  to  permit  hand  operation  of 
the  bolt  in  event  of  misfire. 

In  a  typical  firing  cycle  the  gas  piston  push  rod  162 
is  driven  to  the  rear  by  combustion  gasses  as  the  projec¬ 
tile  passes  by  a  gas  port  near  the  muzzle.  Rearward  mo¬ 
tion  of  the  push  rod  162  and  cam  slide  160  rotate  the 
bolt  cam  follower  183  counterclockwise  (viewed  from 
the  rear)  to  disengage  the  bolt  tang  169  from  the  bolt 
lock  inner  recess  167  allowing  the  bolt  to  move  to  the 
rear,  extracting  and  ejecting  the  spent  projectile  car¬ 
rier.  At  its  rearmost  position  the  bolt  picks  up  a  new 
projectile  and  carrier  assembly  and  during  ferward  mo¬ 
tion  loads  this  assembly  into  the  combustion  chamber 
housing.  Continued  forward  motion  of  the  cam  slide 
160  rotates  the  bolt  clockwise  and  carries  the  combus¬ 
tion  chamber  housing  161  forward  until  barrel  surface 
44  is  in  abutment  with  housing  surface  160  at  wh;ch 
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time  the  pumping  cycle  is  initiated  as  described  above. 

FIGS.  21 A-D  show  another  embodiment  of  a  projec¬ 
tile-carrier  assembly  incorporating  a  coacting  tang  and 
slot  construction  for  positive  extraction  in  the  event  of 
5  misfire.  The  propellant-flow  ports  and  grooves  are 
omitted  in  FIGS.  2IA-D  for  clarity  of  illustration  but 
are  the  same  as  in  the  embodiment  shown  in  FIGS.  2-5. 

As  best  shown  m  FIG.  21 B,  the  carrier  has  a  tang  70 
the  end  of  a  finger  63. 

10  As  best  shown  in  FIG.  21D  the  projectile  has  a  slot 
60  with  a  recess  62. 

In  normal  operation  the  tang  70  does  not  engage  the 
recess  62.  The  sprirg  action  of  the  fingers  63  hold  the 
projectile  in  place  during  loading. 

I S  If  there  is  a  misfire,  the  normal  counterclockwise  ro¬ 

tation  of  the  bolt  causes  the  tang  70  to  be  engaged  in 
the  recess  62  when  the  carrier  is  reconnected  to  the  un¬ 
fired  projectile. 

The  tang  70  is  never  engaged  in  the  recess  62  except 
20  in  the  event  of  a  misfire.  The  normal  loading  and  lock¬ 
ing  movement  of  the  boll  is  clockwise. 

As  the  bolt  is  moved  forward,  the  outer  housing  193 
of  the  pumping  assembly  191  is  also  moved  forward 
with  the  valve  element  175.  This  permits  propellant  to 
25  flow  through  the  passage  217  and  pass  the  check  valve 
219  into  a  chamber  which  is  formed  between  the  front 
face  of  the  piston  195  and  the  rear  inner  face  of  the  for¬ 
ward  part  of  the  valve  of  the  outer  housing  193. 

The  forward  movement  of  the  outer  housing  193  and 
30  the  valve  element  175  is  then  discontinued  while  the 
forward  movement  of  the  valve  element  175  is  contin¬ 
ued.  The  valve  element  175  jogs  forward  enough  to  un¬ 
cover  the  port  173.  Propellant  can  then  flow  from  the 
chamber  in  front  of  the  piston  195  through  the  bore 
35  231  in  the  center  part  of  the  forward  end  of  the  outer 
housing  193  and  through  the  port  173  and  into  the 
combustion  chamber  151. 

The  outer  housing  193  is  then  moved  to  the  rear  by 
the  actuating  mechanism  205  while  the  piston  195  is 
40  held  stationary.  This  pumps  the  propellant  into  the 
combustion  chamber  151.  This  in  turn  moves  the  recip¬ 
rocating  combustion  chamber  housing  161  to  the  rear 
and  separates  the  carrier  53  from  the  projectile  51. 

When  the  rearward  movement  of  the  pump  outer 
housing  193  and  the  combustion  chamber  housing  161 
has  been  completed,  and  the  housing  161  is  in  abut¬ 
ment  with  the  stationary  lock  165,  actuating  element 
209  then  pulls  valve  element  175  rearward  to  the  posi¬ 
ng  tion  illustrated  in  FIG.  18  in  which  the  high  pressure 
seals  213  and  215  seal  off  any  fluid  flow  through  the 
port  173. 

The  bolt  105  is  moved  to  the  rear  with  the  rearward 
movement  of  the  housing  161. 

55  At  this  point  the  weapon  »  ready  for  firing,  and  firing 
is  accomplished  by  the  hammer  striking  the  firing  pin 
129  to  force  the  forward  end  of  the  firing  pin  into  en¬ 
gagement  with  the  back  face  of  the  carrier  S3  to  ignite 
the  igniter  77. 

60  A  conventional  gas  operated  linkage  connected  to 
the  bolt  gives  the  bolt  a  kick  to  the  rear  when  the  pro¬ 
jectile  passes  the  gas  operator. 

An  ofT  center  ejector  pin  in  the  bolt,  tike  the  pin  12$ 
shown  in  FIG.  15  tumbles  the  spent  carrier  out  through 
an  ejection  slot 

In  the  event  of  a  misfire  the  valve  element  175  is 
moved  forward  to  uncover  the  port  173,  and  a  manu¬ 
ally  actuated  misfire  mechanism  pushes  ilfc  housing 
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161  forward  to  pump  out  the  propellant  frotr.  the  com¬ 
bustion  chamber  151. 

The  bolt  105  is  rotated  with  respect  to  the  carrier  53 
to  engage  the  extraction  clips  of  the  bolt  in  the  slot  of 
the  carrier  to  produce  a  positive  grip  between  the  bolt 
and  the  carrier.  The  bolt  is  then  pulled  back  to  extract 
the  carrier  and  the  projectile  51,  and  the  entire  reen¬ 
gaged  carrier  and  projectile  assembly  is  ejected 
through  the  ejection  slot  at  the  end  of  rearward  move¬ 
ment  of  the  bolt. 

In  the  semi-automatic  mode  the  parts  are  manually 
actuated  for  the  first  shot  to  the  relative  positions  illus¬ 
trated  in  FIG.  18  so  that  the  weapon  is  ready  to  fire 
when  the  trigger  is  pulled. 


the  projectile  as  the  faces  of  the  combustion  chamber 
are  reengaged  in  line  contact,  and  then  extracting  the 
projectile-carrier  assembly  from  the  gun. 

3.  A  method  as  defined  in  claim  1  including  locating 
5  the  mechanism  for  pumping  the  liquid  propellant  into 

the  firing  chamber  in  structure  associated  with  the  rear 
face  of  the  firing  chamber  and  maintaining  the  mecha¬ 
nism  for  pumping  the  liquid  propellant  spaced  from  the 
firing  chamber  housing  and  from  the  barrel  of  the  gun 
'0  afier  the  firing  chamber  housing  and  the  barrel  nave 
been  heated  to  high  temperatures  by  the  firing  of  a 
burst  to  thereby  provide  thermal  isolation  of  the  pro¬ 
pellant  from  the  hot  barrel  and  the  housing. 

4.  A  method  as  defined  in  claim  1  wherein  the  rear 


As  described  above,  with  reference  to  the  first  em-  15  face  of  the  combustion  chamber  is  part  of  a  reciprocat- 


bodiment  of  this  invention,  a  thermostatic  element  can 
be  provided  to  override  the  semi-automatic  operating 
mechanism  when  the  chamber  housing  is  too  hot  to 
allow  semi-automatic  operation  front  a  filled  chamber. 

To  remove  tl.e  magazine  47  from  the  weapon  illus-  20 
trated  in  FIG.  18,  a  clip  release  is  actuated  to  move  the 
outer  housing  193,  the  piston  195  and  the  vaive  ele¬ 
ment  175  to  the  rear  and  to  release  the  magazine  hous¬ 
ing  from  the  receiver  45. 

It  is  an  important  feature  of  the  embodiment  of  the  25 
present  invention  shown  in  FIG.  18  that  propellant  pas¬ 
sages  in  the  receiver  mechanism  are  eliminated.  The 
only  free  volume  is  the  connection  from  the  combus¬ 
tion  chamber  151  to  the  bore  177  through  the  rela¬ 
tively  small  port  173.  30 

The  high  pressure  seals  213  and  215  are  replaced 
each  time  a  new  magazine  is  used. 

The  fiat  seal  211  provides  positive  propellant  isola¬ 
tion,  and  there  is  always  an  atmospheric  vent  after  the 
high  pressure  seal  215  and  before  getting  to  the  propel-  3S 
lant  in  the  reservoir  79. 

While  we  have  illustrated  and  described  the  pre¬ 
ferred  embodiments  of  our  invention,  it  is  to  be  under¬ 
stood  that  these  are  capable  of  variation  and  modifica¬ 
tion,  and  wc  therefore  do  not  wish  to  be  limited  to  the  40 
precise  details  set  forth,  but  desire  to  avail  ourselves  of 
such  changes  and  alterations  as  fall  within  the  purview 
of  the  following  claims. 

Wc  claim: 

1.  A  method  of  loading  liquid  propcjlant  into  a  firing  45 
chamber  of  a  liquid  propellant  gun  to  avoid  ullage 
problems  comprising  placing  the  forward  face  of  a  fir¬ 
ing  chamber  in  line  contact  with  the  rear  face  of  the  fir¬ 
ing  chamber,  loading  a  projectile  carrier  assembly  in  ^ 
firing  position  :n  the  bore  of  the  gun  while  the  front  and 
rear  faces  of  the  firing  clamber  are  maintained  in  line 
contact,  then  pumping  liquid  propellant  into  tl.e  fir.ng 
chamber  todisplace  the  rear  face  of  the  firing  chamber 
axially  with  respect  to  the  front  face  of  the  firing  cham- 
ber,  separating  the  carrier  from  the  projectile  as  Iquid 
propellant  is  pumped  into  the  firing  chamber,  reta.ning 
the  projectile  in  the  forward  face  of  the  firing  chamber 
and  retailing  the  carrier  in  the  rear  face  of  the  firing 
chamber  as  these  two  faces  are  axially  separated,  and  &Q 
then  igniting  the  liquid  propefant  in  the  firing  chamber 

to  fire  the  projectile  out  the  barrel  of  the  gun. 

2.  A  method  as  defined  in  claim  ,  including  pumping 
the  liquid  propellant  out  of  the  firing  chcir.ber  in  the 


ing  combustion  chamber  housing. 

5.  A  method  as  defined  in  claim  1  wherein  the  rear 
face  of  the  combustion  chamber  is  a  part  of  the  bolt  as¬ 
sembly. 

6.  A  liquid  propellant  gun  of  the  kind  in  which  a  pro¬ 
jectile  is  loaded  in  the  gun  and  liquid  propel>3nt  is 
pumped  into  the  combustion  chamber  behind  the  pro¬ 
jectile  and  is  ignited  to  fire  the  projectile  from  the  gun, 

said  gun  comprising  a  combustion  chamber  having  a 
front  face  and  a  rear  face, 

said  front  face  having  an  opening  for  the  projectile, 

said  rear  face  being  shaped  complementary  to  the 
front  face  to  engage  the  front  face  in  line  contact 
across  the  full  surface  of  the  front  face  except  for 
the  area  of  said  opening, 

moving  means  for  moving  one  face  relative  to  the 
other  face  into  said  line  contact  with  the  other  face 
and  for  moving  the  one  face  away  from  the  other 
face  and  into  firing  position, 

projectile  loading  means  coordinated  with  said  mov¬ 
ing  means  for  loading  a  projectile  in  the  opening  in 
the  front  lace  while  the  rear  face  is  engaged  in  said 
line  contact  with  the  front  face  across  said  full  sur¬ 
face  of  the  front  face, 

pumping  means  for  pumping  a  liquid  propellant  into 
the  combustion  chamber, 

and  propellant  control  valve  means  effective  to  admit 
the  pumped  liquid  propellant  into  the  combustion 
chamber  at  the  start  of  movement  of  the  one  face 
away  from  the  other  face  and  to  continue  to  admit 
said  liquid  propellant  continuously  and  in  coordi¬ 
nation  with  the  movement  of  the  other  face  by  said 
mo>  ing  means  to  said  firing  position  to  thereby  fill 
the  entire  chamber  volume  with  liquid  propellant 
simultaneously  with  the  formation  of  the  chamber 
and  prevent  ullage  in  the  combustion  chamber. 

7.  A  gun  as  defined  in  claim  6  wherein  the  projectile 
has  an  elastomer  seal  and  projectile  holder  extending 
c'rcumferentially  around  the  projectile  and  engageable 
in  fluid  sealing  and  projectile  retaining  relationship 
with  the  opening  in  the  front  face  of  the  combustion 
chamber. 

8.  A  gun  as  defined  in  claim  6  wherein  the  diameter 
of  the  combustion  chamber  is  considerably  larger  than 
the  diameter  of  the  projectile  to  provide  large  propel- 
iant-to-projectile  mass  ratios  for  high  mimic  velocities 
and  small  combustion  chamber  length-to-diameter  ra- 


event  of  a  misfire,  moving  the  rear  face  of  ihe  combus-  tios  for  acceptable  interior  ballistics. 
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tion  chamber  into  line  contact  with  the  front  face  of  the 
combustion  chamber  as  the  liquid  propellant  is  pumped 
out  of  the  firing  chamber,  reconnecting  the  carrier  to 


9.  A  gun  as  defined  in  claim  6  including  a  magazine 
containing  a  clip  of  projectile-carrier  assemblies  and  a 
tank  of  liquid  propellant,  and  wherein  the  pumping 
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means  include  a  movable  piston  and  high  pressure  seals 
in  the  magazine  structure. 

10.  A  liquid  propellant  gun  of  the  kind  in  which  a 
projectile  is  loaded  in  the  gun  and  liquid  propellant  is 
pumped  into  the  combustion  chamber  behind  the  pro-  s 
jectile  and  is  ignited  to  fire  the  projectile  from  the  gun, 
said  gun  comprising,  a  combustion  chamber  having 
a  forward  face  and  a  rear  face, 
said  front  face  having  an  opening  for  the  projectile, 
moving  means  for  moving  the  rear  face  forward  into  10 
line  contact  with  the  front  face  and  for  moving  the 
rear  face  backward  away  from  the  front  face  and 
into  firing  position, 

projectile  loading  means  for  loading  a  projectile  in 
the  opening  in  the  front  face  while  the  rear  face  is  15 
engaged  in  line  contact  with  the  front  face, 
pumping  means  for  pumping  a  liquid  propellant  into 
the  combustion  chamber  as  the  combustion  cham¬ 
ber  is  formed  by  rearward  movement  of  the  rear 


engaged  in  said  line  contact  with  the  front  face,  and 
pumping  means  for  pumping  a  liquid  propellant  into 
the  combustion  chamber  as  the  combustion  cham¬ 
ber  is  formed  by  movement  of  the  faces  apart  from 
each  other  to  fill  the  entire  chamber  volume  with 
liquid  propellant  simultaneously  with  the  formation 
of  the  chamber  whereby  ullage  in  the  combustion 
chamber  is  avoided  and  wherein  the  front  face  of 
the  combustion  chamber  is  formed  on  the  end  of 
the  barrel  of  the  gun.  said  gun  includes  a  recipro¬ 
cating  combustion  chamber  housing,  the  housing 
includes  a  forwardly  extending  portion  having  one 
inside  surface  slidable  on  and  sealing!)  engaged 
with  the  outside  surface  of  the  barrel,  and  another 
inside  surface  of  the  housing  forms  said  rear  face 
of  the  combustion  chamber. 

16.  A  liquid  propellant  gun  of  the  kind  in  which  a 
projectile  is  loaded  in  the  gun  and  liquid  propellant  is 
pumped  into  the  combustion  chamber  behind  the  pro¬ 


face  whereby  ullage  in  the  combustion  chamber  is  20  jectile  and  is  ignited  to  fire  the  projectile  from  the  gun. 


avoided,  and  wherein  the  projectile  loadin';  means 
include  a  projectile-carrier  assembly  having  a  car¬ 
rier  detacnably  connected  to  the  projectile  for 
transporting  the  projectile  and  wherein  the  rear 
face  of  the  combustion  chamber  hat  ar  opening  25 
and  the  carrier  is  engaged  in  fluid  se  -J;rig  contact 
in  said  rear  face  opening  and  is  discoi  i  ected  from 
the  projectile  as  liquid  propellant  is  pumped  into 
the  combustion  chamber  during  rearward  move¬ 
ment  of  the  rear  face.  30 

11.  A  gun  as  defined  in  claim  10  wherein  the  carrier 
and  projectile  have  coacting  ports  and  grooves  in  the 
sides  of  the  carrier  and  projectile  for  permitting  liquid 
propellant  to  enter  between  the  back  face  of  the  pro¬ 
jectile  and  a  forward  inner  face  of  the  carrier  to  sepa-  35 
rate  the  carrier  from  projectile. 

12.  A  gun  as  defined  in  claim  10  wherein  the  carrier 
has  a  percussive  igniter  for  igniting  the  liquid  propel¬ 
lant. 

13.  A  gun  as  defined  in  claim  10  wherein  the  carrier  40 
has  a  rear  carrier  rim  and  a  flat  formed  on  the  carrier 
rim  for  orienting  the  projectile  and  carrier  assembly 
with  respect  to  other  operating  mechanism  of  the  gun. 

14.  A  gun  as  defined  in  claim  13  wherein  the  projec¬ 

tile  and  carrier  have  coacting  positive  locking  means  45 
which  can  be  engaged  to  extract  the  projectile-carrier 
assembly  in  the  event  of  a  misfire  and  wherein  '.he  flat 
on  the  carrier  rim  permits  rotation  of  the  carrier  rela¬ 
tive  to  the  projectile  to  actuate  the  positive  locking 
means.  50 

15.  A  liquid  propellant  gun  of  the  kind  in  which  a 
projectile  is  loaded  in  the  gun  and  liquid  propellant  is 
pumped  into  the  combustion  chamber  behind  the  pro¬ 
jectile  and  is  ignited  to  fire  the  projectile  from  the  gun, 

said  gun  comprising  a  combustion  chamber  having  a  3 
front  face  and  a  rear  face, 

said  front  face  having  an  opening  for  the  projectile, 

said  rear  face  being  shaped  complementary  to  the 
front  face  to  engage  the  front  face  in  line  contact  ^ 
across  the  full  surface  of  the  front  face  except  for 
the  area  of  said  opening, 

moving  means  for  moving  one  face  relative  to  the 
other  face  into  said  line  contact  with  the  other  face 
and  for  moving  the  one  face  away  from  the  other 
face  and  into  firing  position, 

projectile  loading  means  for  loading  a  projectile  in 
the  opening  in  the  front  face  while  the  rear  face  it 


said  gun  comprising  a  combustion  chamber  having  a 
front  face  and  a  tear  face, 

said  front  face  having  an  opening  for  the  projectile, 
said  rear  face  being  shaped  complementary  to  the 
front  face  to  engage  the  front  face  in  line  contact 
across  the  full  surface  of  the  front  face  except  for 
the  area  of  said  opening, 

moving  means  for  moving  one  face  relative  to  the 
other  face  into  said  line  contact  with  the  other  face 
and  for  moving  the  one  face  away  from  the  other 
face  and  into  firing  position, 
projectile  loading  means  for  loading  a  projectile  in 
the  opening  in  the  front  face  while  the  rear  face  is 
engaged  in  said  line  contact  with  the  front  face,  and 
pumping  means  for  pumping  a  liquid  propellant  into 
the  combustion  chamber  as  the  combustion  cham¬ 
ber  is  formed  by  movement  of  the  faces  apart  from 
each  other  to  fill  the  entire  chamber  volume  with 
liquid  propellant  simultaneously  with  the  formation 
of  the  chamber  whereby  ullage  in  the  combustion 
chamber  is  avoided  and  including  a  bolt  assembly 
and  wherein  the  rear  face  is  a  part  of  tnc  bolt  as¬ 
sembly  and  said  bolt  assembly  includes  a  passage¬ 
way  extending  through  said  rear  face  and  intercon¬ 
necting  the  pumping  means  and  the  chamber. 

17.  A  liquid  propellant  gun  of  the  kind  in  which  a 
projectile  is  loaded  in  the  gun  and  liquid  propellant  is 
pumped  into  the  combustion  chamber  behind  the  pro¬ 
jectile  and  is  ignited  to  fire  the  projectile  from  the  gun, 
said  gun  comprising,  a  combustion  chamber  having 
a  forward  face  and  a  rear  face, 
said  front  face  having  an  opening  for  the  projectile, 
moving  means  for  moving  the  rear  face  forward  into 
line  contact  with  the  front  face  and  for  moving  the 
rear  face  backward  away  from  the  front  face  and 
into  firing  position, 

projectile  loading  means  for  loading  a  projectile  in 
the  opening  in  the  font  face  while  the  rear  face  is 
engaged  in  line  contact  with  the  front  face, 
pumping  means  for  pumping  a  liquid  propellant  into 
the  combustion  chamber  as  the  combustion  cham¬ 
ber  b  formed  by  rearward  movement  of  the  rear 
face  whereby  ullage  in  the  combustion  chamber  it 
•voided, 

a  magazine  containing  a  clip  of  projectile-carrier  as¬ 
semblies,  a  tank  of  liquid  propellant,  and  the  pump¬ 
ing  means. 
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a  rearwardly  extending  part  of  the  barrel  assembly 
which  includes  the  front  face  of  the  combustion 
chamber,  a  reciprocating  combustion  chamber 
housing  which  includes  the  rear  face  of  the  com¬ 
bustion  chamber,  said  housing  having  a  forwardly  s 
extending  part  which  has  an  inner  surface  slidable 
on  and  seaiingly  engaged  with  an  outer  surface  of 
the  rearwardly  extending  part  of  the  barrel,  port 
means  in  the  housing,  and  a  valve  element  of  the 
pumping  means  of  the  magazine  associated  with  to 
the  port  means  of  the  housing  to  control  the  flow 
of  liquid  propellant  from  the  magazine  to  the  com¬ 
bustion  chamber  through  the  port  means  of  the 
housing. 

18.  A  gun  as  defined  in  claim  17  wherein  the  valve  is 
element  has  high  pressure  seals  on  the  valve  element 
for  preventing  loss  of  fluid  pressure  out  of  the  combus¬ 
tion  cnamber  during  firing  whereby  the  high  pressure 
seals  are  replaced  each  time  a  new  magazine  is  con¬ 
nected  to  the  gun. 

19.  A  liquid  propellant  gun  constructed  to  avoid  ul- 


16 

lage  problems  in  the  loading  of  liquid  propellant  in  the 
firing  chamber,  said  gun  comprising,  actuator  means  ; 
for  placing  the  forward  face  of  a  firing  chamber  in  line 
contact  with  the  rear  face  of  the  firing  chamber,  load¬ 
ing  means  for  loading  a  projectile  carrier  assembly  in  • — 
firing  position  in  the  bore  of  the  gun  while  the  front  and — ■ 
rear  faces  of  the  firing  chamber  are  maintained  in  line 
contact,  pumping  means  for  pumping  liquid  propellant 
into  the  firing  chamber  to  displace  one  face  of  the  firing 
chamber  axially  with  respect  to  the  ether  face  of  the  fir¬ 
ing  chamber,  separating  means  for  separating  the  car¬ 
rier  from  the  projectile  as  liquid  propellant  is  pumped 
into  the  firing  chamber,  retaining  means  for  retaining 
the  projectile  in  the  forward  face  cf  the  firing  chamber 
and  for  retaining  the  carrier  in  the  rear  face  of  the  firing 
chamber  as  these  two  faces  are  axially  separated,  and  , 
igniter  means  for  igniting  the  liquid  propellant  in  the 
firing  chamber  to  fire  the  projectile  out  the  barrel  of 
20  the  gun. 
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[57]  ABSTRACT 

A  small  bore  liquid  propellant  weapon  fires  projectiles 
transported  to  the  firing  chamber  in  a  projectile  car¬ 
rier.  The  projectile  carrier  is  separated  from  the  pro¬ 
jectile  just  prior  to  firing  the  projectile.  The  projectile 
carrier  can  be  reconnected  with  the  projectile  to  ex¬ 
tract  the  projectile  from  the  weapon  in  the  event  of  a 
misfire. 

The  small  bore  liquid  propellant  weapon  has  a 
reciprocating  combustion  chamber  housing.  The 
reciprocating  combustion  chamber  housing  forms  a 
large  diameter  combustion  chamber  without  ullage 
and  eliminates  a  lock. 

The  small  bore  liquid  propellant  weapon  includes  an 
integral  magazine  which  has  its  own  pump  for  the 
liquid  propellant.  The  magazine  also  has  a  valve 
element  with  high  pressure  seals  that  operate  only  for 
the  life  of  the  magazine  and  that  are  discarded  with 
the  empty  magazine. 

8  Claims,  27  Drawing  Figures 
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LIQUID  PROPELLANT  WEAPON 
Some  of  the  inventions  herein  described  were  made 
(first  reduced  to  practice)  in  the  course  of  or  under  a 
contract  with  ARP  A. 


2 

chamber  becomes  excessive  for  acceptable  interior  bal¬ 
listics.  The  bere-size  chamber  approach,  therefore,  has 
been  considered  to  be  limited  to  velocities  of  approxi¬ 
mately  4,000  feet  per  second  or  less. 

SUMMARY  OF  THE  INVENTION 


BACKGROUND  OF  THE  INVENTION 

This  application  is  a  division  of  patent  application 
Ser.  No.  179,759  filed  Sept  13,  1971  and  entitled 
“Liquid  Propellant  Weapon”  and  claims  the  benefit  of 
the  filing  date  of  the  parent  application.  Parent  applica¬ 
tion  Ser.  No.  179,759  was  issued  as  U.S.  Pat  No. 
3,803,975  on  April  16,  1974. 

BACKGROUND  OF  THE  INVENTION 

1 .  Field  of  the  Invention 

The  invention  relates  to  a  liquid  propellant  weapon. 
This  invention  relates  particularly  to  a  small  bore  liquid 
propellant  weapon  of  the  kind  that  can  be  carried  and 
used  by  an  individual  infantryman. 

2.  Description  of  the  Prior  Art 

Existing  weapons  for  infantrymen  use  solid  propel¬ 
lant  cartridges.  The  existing  weapons  carry  the  solid 
propellant  in  cases,  and  the  cases  form  a  substantia) 
part  of  the  overall  weight  of  the  cartridge.  It  is  charac¬ 
teristic  of  the  solid  propellant  that  the  solid  propellant 
develops  a  high  peak  temperature. 

The  trend  in  small  arms  development  is  towards 
higher  projectile  velocity.  Higher  projectile  velocity 
has  a  number  of  advantages.  Higher  velocity  yields  in¬ 
creased  projectile  kinetic  energy  and  penetrating 
power.  Smaller  projectiles  can  be  used,  and  the  effec¬ 
tive  range  can  be  increased. 

High  velocity  conventional,  cased  ammunition  pur¬ 
chases  performance  at  the  expense  of  increased  propel¬ 
lant  charge  and  a  larger  cartridge  case. 

The  high  peak  temperatures  of  solid  propellants  also 
can  cause  problems  of  barrel  erosion.  This  has  limited 
the  velocity  obtainable  with  solid  propellants  in  small 
bore  weapons. 

Cascless  solid  propellant  systems  have  been  investi¬ 
gated  in  an  attempt  to  eliminate  the  weight  of  the  case. 
The  cascless  solid  ^ropellar.t  systems  have  r.ot  avoided 
the  problem  of  high  propellant  peak  temperatures 
which,  heating  the  band,  limit  th»  projectile  velocity 
that  can  be  obtained. 

Liquid  propellant  weapons  have  a  characteristic  low 
peak  temperature.  SuKtantial  investigation  has  been 
made  of  the  use  cf  liquid  propellants  for  automatic 
weapons.  However,  most  of  the  prior  liquid  propcllar.t 
weapon  work  completed  to  date  has  involved  equip- 


The  small  bore  liquid  propellant  weapon  of  the  pres¬ 
ent  invention  has  a  combustion  chamber  diameter 
which  is  much  larger  than  the  bore  of  the  barrel  of  the 
10  weapon. 

Ir.  a  preferred  form  of  the  invention  the  v'eapon  in¬ 
cludes  a  reciprocating  combustion  chamber  housing 
which  allows  the  formation  of  a  combustion  chamber 
without  the  introduction  of  ullage  in  a  ballistic  system 
15  in  which  the  combustion  chamber  diameter  is  larger 
than  the  bore  diameter  of  the  barrel. 

The  low  length  to  diameter  ratio  of  the  combustion 
chamber  results  in  a  short  reciprocating  stroke.  This 
minimizes  receiver  length  and  improves  chamber  wall 
20  cooling.  This  also  permits  the  use  of  a  stationary  lock 
for  the  combustion  chamber.  It  provides  a  convenient 
means  of  thermal  isolation  of  the  combustion  chamber 
and  a  convenient  means  of  handling  a  projectile  in  a 
gun  employing  chambrage.  It  permits  the  velocity  level 
25  to  be  readily  increased  by  using  a  longer  chamber  and 
stroke.  It  also  permits  the  length  of  propellant  passages 
in  a  receiver  mechanism  to  be  limited,  and  this  in  turn 
simplifies  the  mechan:sm,  eliminates  voids  and  elimi¬ 
nates  propellant  filled  passages  which  could  transmit 
30  flame  from  the  combustion  chamber  to  the  propellant 
supply  in  the  magazine. 

In  the  present  invention  the  projectile  is  carried  in  a 
projectile  carrier  which  is  separated  from  the  projectile 
prior  to  firing.  The  projectile  may  be  a  low  drag  conical 
35  projectile.  It  has  the  shape  of  a  reentry  body  with  a  nar¬ 
row  angle  cone  and  is  aerodynamic-ally  stabilized. 

The  carrier  contains  a  percussion  igniter  which  al¬ 
lows  the  use  of  existing  ignition  techniques  applicable 
to  any  of  the  current  liquid  propellant  systems. 

40  The  carrier  can  be  reengaged  with  the  projectile  to 
remove  the  projectile  in  the  event  of  misfire. 

The  projectile  carrier  is  also  a  key  element  in  trans¬ 
porting  the  projectile  through  the  larger  than  bore  di¬ 
ameter  chamber  (chambrage)  which  is  necessary  in  a 
45  high  performance  gun. 

The  weapon  of  the  present  invention  includes  a  mag¬ 
azine  which  has  a  pumping  mechanism  integral  with  the 
magazine.  The  purr.;  mg  mechanism  is  operated  by  the 
action  of  the  reciprocating  bolt  of  the  weapon.  An 
50  omitted  propellant  supply  valve  and  high  pressure  seals 
on  the  v..!ve  arc  an  integral  p;irt  of  the  magazine.  The 


meat  of  a  bore-size  larger  than  caliber  .60.  Prior  work 
with  large  bore  liquid  propellant  weapons  has  been  di¬ 
rected  to  a  projectile  loading  concept  based  on  a  bore- 
size  chamber  in  which  a  caseless  projectile  is  loaded 
into  the  breech  ard  is  subsequently  pumped  into  the 
forcing  cone  by  the  propellant  charge  which  then  com¬ 
pletely  fills  the  combustion  chamber.  While  facilitating 
the  projectile  loading  process,  this  geometry  results  in 
two  problems.  It  becomes  extremely  dnlicult  to  re¬ 
trieve  the  projectile  in  the  event  of  a  misfire,  since  no 
connection  is  available  to  the  projectile,  nor  is  there  a 
convenient  me.ms  of  effecting  an  attachment  once  the 
projectile  is  in  place. 

An  equally  important  consideration  is  that  of  perfor¬ 
mance  limitations.  In  weapons  requiring  high  muzzle 
velocity  and  hence  large  propellant-to-projectile  mass 
ratios  the  length  to  diameter  ratio  of  the  combustion 


incorporation  of  the  high  pressure  seals  as  an  integral 
part  of  the  magazine,  and  the  manner  in  which  the  mag¬ 
azine  and  the  high  pressure  valve  are  associated  with 
the  rest  of  the  weapon  have  several  advantages.  The 
high  pressure  valve  element  and  seals  have  to  operate 
only  for  tiie  life  of  the  magazine.  The  valve  element  and 
seals  are  discarded  with  the  empty  magazine.  A  new 
high  pressure  inlet  valve  element  and  new  high  pressure 
seais  arc  provided  each  time  the  magazine  is  replaced. 

Other  and  further  objects  of  the  present  invention 
will  bo  apparent  from  the  following  description  and 
claims  ar.d  are  illustrated  in  the  accompanying  draw¬ 
ings  which,  by  way  of  illustration,  show  preferred  em¬ 
bodiments  of  the  present  invention  and  the  principles 
thereof  and  wiiat  are  now  considered  to  be  the  bes* 
modes  contemplated  for  applying  these  principles. 
Other  embodiments  of  the  invention  embodying  the 
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same  or  equivalent  principles  may  be  used  and  struc¬ 
tural  changes  may  be  made  as  desired  by  those  skilled 
in  the  art  without  departing  from  the  present  invention 
and  the  purview  of  the  appended  claims. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  I  is  a  side  elevation  view  of  a  small  bore  liquid 
propellant  weapon  constructed  in  accordance  with  one 
embodiment  of  tiie  present  invention; 

FIG.  2  is  a  side  elevation  view  in  cross  section  of  a 
projcctile-carrier  arser.ibly  constructed  in  accordance 
with  one  embodiment  of  the  present  invention; 

FIG.  3  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  by  the  arrows  3—3  in 
FIG.  2; 

FtG.  4  is  a  side  elevation  view  of  the  carrier  alone; 

FIG.  5  is  a  side  elevation  view  of  the  projectile  alone; 

FIG.  6  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  by  the  arrows  6 — 6  in 
TIC.  5; 

FIG.  7  is  a  side  elevation  view  (partly  broken  away  to 
show  details  of  construction)  of  a  magazine  con¬ 
structed  in  accordance  with  one  embodiment  of  the 
present  invention; 

FIG.  8  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  try  the  arrows  8—8  in 
HO.  7; 

FIG.  9  is  a  fragmentary,  enlarged,  side  elevation, 
cross-sectior.al  view  showing  the  magazine  loaded  in 
the  weapon; 

FIG.  10  is  a  top  plan  view  taken  generally  along  the 
line  and  in  the  direction  indicated  by  the  arrows 
10-10  in  FIG.  9; 

FIGS.  11-15  are  schematic  side  elevation  views  of 
the  structure  shown  in  FIG.  9  showing  the  position  as¬ 
sumed  by  the  different  elements  of  the  structure  during 
a  cycle  of  automatic  tiring  operation; 

FIG.  16  is  a  graph  showing  the  comparison  of  tem¬ 
peratures  in  a  band  for  solid  propellants  and  for  liquid 
propellants; 

RG.  17  is  a  graph  showing  the  drag  coefficient  for 
different  types  of  projectiles; 

RG.  IS  is  a  fragmentary  side  elevation  view  of  cross- 
section,  like  FIG.  9,  of  a  weapon  constructed  in  accor¬ 
dance  with  another  embodiment  of  the  present  inven¬ 
tion.  The  embodiment  shown  in  FIG.  18  incorporates  a 
reciprocating  combustion  chamber  housing; 

FIG.  19  is  an  end  elevation  view  taken  generally 
along  the  line  a.nd  in  the  direction  indicated  by  the  ar¬ 
rows  19 — 19  in  FIG.  18; 

RG.  20  is  a  plan  view  showing  the  cam  paths  for  ac¬ 
tuating  the  bolt  cf  the  embodiment  shown  in  FIG.  18; 

FIGS.  21  A  through  D  are  side  elevation  views  of  a 
carrier  incorporating  a  positive  misfire  extraction  con¬ 
struction; 

RG.  22  is  a  side  elevation  of  a  magazine  constructed 
in  accordance  with  another  embodiment  of  the  present 
invention; 

RG.  23  is  a  fragmentary  sectional  view  taken  gener¬ 
ally  along  the  line  anti  in  file  direction  indicated  by  the 
arrows  23—23  in  FIG.  22;  and 

FIG.  24  is  a  detail  view  of  a  strip  transfer  mechanism. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

A  small  bore  I'-quid  propellant  weapon  constructed  in 
accordance  with  one  embodiment  of  the  present  inven- 


4 

tion  is  indicated  generally  by  the  reference  numeral  41 
in  RG.  1. 

The  weapon  41  is  illustrated  as  a  shoulder  weapon. 
The  present  invention  could  also  be  embodied  in  other 
5  types  of  weapons,  such  as  hand  weapons  or  vehicle 
mounted  weapons. 

The  principal  components  of  the  weapon  41  are  a 
barrel  43,  a  receiver  assembly  45  and  a  magazine  47. 

The  receiver  assembly  will  be  described  with  refer- 
>0  encc  to  FIGS.  9  and  10  for  one  embodiment  of  the 
present  invention  and  with  reference  to  FiGS.  18  and 
19  with  reference  to  another  embodiment  of  the  pres¬ 
ent  invention. 

The  magazine  47  will  be  described  below  with  refer- 
15  ence  to  FiGS.  7,  8,  9,  18,  22  and  23. 

The  magazine  47  supplies  liquid  propellant  and  pro¬ 
jectiles  to  the  receiver  assembly  45  of  w  eapon  41.  Each 
of  the  projectiles  is  transported  through  the  magazine 
and  receiver  assembly  and  into  the  firing  chamber  by  a 
20  carrier.  The  projectile  is  separated  from  the  carrier 
prior  to  firing. 

A  projectile-carrier  assembly  constructed  in  accor¬ 
dance  with  one  embodiment  of  the  present  invention  is 
illustrated  generally  by  the  reference  numeral  49  in 
25  RG.  2.  The  piojectile-carrier  assembly  49  includes  a 
projectile  51  and  a  carrier  53. 

The  projectile  51  may  have  a  reentry  body  configura¬ 
tion  (as  illustrated)  with  a  narrow  angle  cone.  The  re¬ 
entry  body  shape  is  aerodynamicaliy  stabilized  and  has 
20  a  low  drag  coefficient  as  shown  by  the  chart  of  RG.  17. 
The  projectile  can  also  be  a  conventional  spin  stabi¬ 
lized  configuration. 

The  projectile  51  includes  a  bore  stabilizing  fins  55,a 
projectile  seal  57  which  may  be  an  elastomer  seal,  pro- 
25  pellartt  flow  grooves  59  and  recesses  or  grooves  61  fos 
attachment  to  the  carrier  53. 

The  seai  57  also  serves  to  retain  the  projectile  in  the 
barrel  after  the  projectile  is  loaded. 

The  carrier  53  has  a  relatively  short  axial  length  so  as 
■*0  to  contribute  little  additional  length  to  the  overall  pro¬ 
jectile-carrier  assembly.  The  carrier  has  a  number  of 
forwardly  extending  fingers  or  clips  63,  and  each  finger 
or  clip  63  h  is  a  radially  inwardly  extending  dimple  or 
projection  65  which  seats  in  a  groove  61  of  the  projec¬ 
ts  file. 

When  the  carrier  projectile  assembly  is  placed  in  the 
bore,  liquid  propellant  is  pumped  through  the  propel¬ 
lant  flow  groove  59  and  between  the  back  face  67  of 
»  the  projectile  a.nd  the  inner  free  69  of  tire  carrier  to 
<0  pump  or  force  the  carrier  53  backwards  to  the  rear  end 
of  the  firing  chamber  of  the  receiver  assembly  in  a  man¬ 
ner  which  will  be  described  in  deta.il  below  with  refer¬ 
ence  to  FIGS.  11-15.  The  resilient  fingers  63  flex  to 
penn.it  the  dimple  65  to  release  from  the  groove  61  dur- 
55  ing  this  separation  operation. 

In  the  event  of  a  misfire  the  carrier  53  can  be  moved 
forward  and  can  be  reconnected  with  the  projectile  51 
to  extract  the  projectile  from  the  firing  chamber  in  a 
manner  also  to  be  described  in  greater  dcl-.il  be'ow. 
M>  The  carrier  53  includes  a  carrier  seal  71  which  also 
inny  be  an  elastomer  seal. 

The  carrier  also  includes  an  alignment  tlat  73,  best 
shown  in  FIG.  3.  The  alignment  fiat  73  coacts  with  a 
corresponding  fiat  on  the  bolt  to  align  the  projectile- 
65  carrier  assembly  in  a  manner  to  be  described  below. 

The  fiat  73  maintains  orientation  of  the  carrier  rela¬ 
tive  to  ihe  projectile  during  the  cvcie.  thus  incuring  that 
the  dimples  will  properly  reengage  the  projectile  in  the 
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event  it  must  be  removed  from  the  bore  m  the  event  of 
malfunction. 

The  carrier  53  also  includes  an  extraction  lip  75.  This 
extraction  lip  75  is  engaged  by  a  part  on  the  bolt  after 
the  projectile  has  been  fired.  s 

The  magazine  47  (as  shown  in  FIGS.  7,  8, 9,  22  and 
23)  carries  both  the  propellant  and  the  projectile-car¬ 
rier  assemblies.  The  propellant  supply  is  carried  in  a 
flexible  tank  or  reservoir  79  within  the  magazine  hous¬ 
ing.  As  best  shown  in  FIGS.  22  and  23  the  flexible  tank 
79  may  have  accordion  type  pleating  and  can  be  oper¬ 
ated  by  a  tape  drive  mechanism  181  actuated  by  the 
bolt  to  lift  the  bottom  of  the  tank  79  on  each  cycle  of 
operation  to  p.imp  propellant  into  the  weapon.  15 

The  magazine  shown  in  FIG.  7  includes  expansion 
tanks  81  connected  to  the  main  tank  79  by  conduits  83. 

As  best  shown  in  F""  9  the  propellant  supply  part  of 
the  magazine  includes  a  spring  loaded  valve  element  85 
which  scats  in  a  valve  scat  87  when  the  magazine  is  not  20 
associated  with  the  weapon.  When  the  magazine  is  con¬ 
nected  to  the  weapon,  downwardly  extending  tube  89, 
as  shown  in  FIG.  9.  pushes  the  valve  element  85  down¬ 
wardly  to  establish  fluid  communication  through  a  slot 
91  in  the  sidewail  of  the  tube  89.  25 

The  projectile-carrier  assemblies  are  fed  upwardly 
through  a  pair  of  channels  93  and  into  a  common  chan¬ 
nel  95  and  then  into  the  receiver  assembly  of  the 
weapon  by  the  same  bolt  actuated  elevator  mechanism 
used  to  lift  the  bottom  wall  of  the  propellant  supply  30 
tank  or  reservoir  79. 

A  specific  description  in  the  lift  mechanism  for  the 
magazine  is  set  forth  below  with  reference  to  FIGS. 
22-24. 

A  strippablc  top  97  retains  the  projectiles  :n  place  :’5 
until  the  magazine  is  loaded  >nto  the  weapon. 

A  number  of  liquid  propellants  have  been  found  sat¬ 
isfactory  for  the  weapon  of  the  present  invention.  They 
include  but  are  not  limited  to  mono  propellants  such  as 
hydrazine  nitrate  composed  of  35 %,  N-IIjNOj,  5%  H-O  0 
and  t>0%  N,ll,;  Monomethyl  Hydrazine  Nitrate  90%; 
Ethyl  Propyl  Nitrjte  60/40;  Otto  Fuel  II. 

A  metal  partition  101  in  the  magazine  serves  to  posi¬ 
tively  isolate  the  ptimers  in  the  projrcrile -carrier  as-  4J 
sembly  from  the  propellant  in  the  tank  79  to  preclude 
inadvertent  ignition.  A  suitable  strap  transfer  mecha¬ 
nism  can  be  associated  with  the  elevator  strip  101,  as 
shown  in  FIG.  24.  » 

The  receiver  assembly  45,  as  shown  in  FIG.  9,  has  a  ,0 
twrvpart  boll  .-sembly.  Ihe  bolt  assembly  includes  an 
outer  bolt  103  and  an  inner  bolt  105. 

The  outer  Kilt  is  reciprocal  within  a  bore  107  in  the 
receiver  assembly  45  and  barrel  43. 

Ihe  inner  l>o!t  105  is  rcciprocable  within  a  bore  109  55 
in  the  outer  holt. 

The  tube  89  connecting  the  propellant  supply  in  the 
mag  'zine  also  connects  a  tube  or  conduit  1 1 1  in  the  re¬ 
ceiver  assembly  through  a  propellant  control  valve  113. 
The  forward  end  of  the  lube  111  sl’des  within  a  bore  ro 
1 14  in  the  outer  holt  in  trombone  fashion  during  the  re 
ciprocation  of  the  outer  bolt  103. 

A  seal  1 10  seals  between  the  tube  111  and  the  bore 
113. 

The  forward  end  of  the  conduit  116  connects  to  the  t>S 
combustion  chamber  l!5  through  a  spring  biased  one 
way  ball  check  valve  117  in  the  forward  face  of  the 
outer  bolt  103. 


A  seal  1 19  is  carried  at  the  forward  end  of  the  outer 
bolt  to  seal  against  the  wall  107  of  the  combustion 
chamber  115. 

The  forward  end  of  the  inner  bolt  1C5  includes  ex¬ 
tractor  clip  121  which  is  rcsiliently  biased  by  a  spring 
123.  The  forward  ends  of  the  resilient  arms  of  the  clip 
121  clip  over  the  extraction  lip  75  of  the  carrier  to  re¬ 
move  the  carrier  from  the  bore  109  after  firing. 

An  off  center  ejector  pin  125  in  the  inner  bolt  (see 
FIG.  15)  kicks  the  carrier  out  through  an  ejection  slot 
127  in  the  outer  bolt  and  in  the  receiver  assembly  45. 

A  firing  pin  129  is  reciprocabte  within  a  bore  131  in 
the  inner  boll  105  to  ignite  the  propellant  igniter  77  in 
the  carrier. 

A  bolt  lock  133,  see  FIG.  10,  is  pivoted  about  a  pivot 
135  and  is  spring  biased  towards  the  position  illustrated 
in  FIG.  10  by  a  spring  137  to  place  the  forward  face  of 
the  bolt  lock  in  locking  engagement  with  the  rear  face 
139  of  both  the  outer  bolt  103  and  the  inner  bolt  105. 
A  cam  139  moves  forward  and  engages  a  correspond¬ 
ing  cam  surface  141  on  the  bolt  lock  133  to  pivot  the 
bolt  lock  against  the  force  of  the  spring  137  to  release 
the  bolt  at  the  end  of  the  firing  cycle. 

The  operation  of  the  weapon  thus  far  described  is  il¬ 
lustrated  in  FIGS.  11-16  which  illustrate  respectively 
projectile  transfer,  projectile  ramming,  propellant  load¬ 
ing.  combustion,  and  the  carrier  ejection. 

The  automatic  firing  cycle  is  initiated  with  the  bolt  iu 
the  open  position  after  the  firing  of  a  burst.  This  elimi¬ 
nates  cook-off  of  a  round  in  the  hot  breech.  Fropellant 
isolation  is  effected  by  supplying  the  propellant 
through  the  bolt.  This  allows  insertion  of  a  thermal  bar¬ 
rier  between  the  barrel  and  receiver  group,  effectively 
isolating  the  hot  barrel  from  those  components  in  di¬ 
rect  contact  with  liquid  propellant. 

There  is  little  likelihood  of  dynamic  cook-off  of  pro¬ 
pellant  during  loading.  Static  cook-off.  however,  can  be 
a  problem,  as  it  is  with  caseless  solid  propellant  ammu¬ 
nition. 

It  is  therefore  an  important  feature  of  the  present  in¬ 
vention  that  the  propellant  supply  is  Isolated  from  those 
hot  surfaces  w  hich  might  effect  ignition  of  a  char  ered 
ground  or  ignition  in  the  propellant  supply. 

When  released  by  the  trigger  operated  sear,  the  bok 
picks  up  a  carrier  and  projectile  from  the  clip  and  in¬ 
serts  the  assembly  into  the  bolt  bore.  The  bolt-operated 
eiev  itor  mechanism  of  the  magazine,  described  above, 
effects  this  action  by  lifting  the  entire  string  of  projec¬ 
tile -carrW  assembly  described  above. 

The  flat  73  on  the  carrier  extractor  ram  alipis  the 
carrier. 

The  bolt >s  tiien  driven  forward,  as  illustrated  in  FIG. 
12,  hy  the  operating  mechanism  until  the  projectile  51 
engages  the  bore  opening  of  the  weapon  at  the  forward 
end  of  the  combustion  chamber  115. 

file  propellant  valve  113  is  then  opened,  as  illus¬ 
trated  in  FIG.  IJ.  fhis  allows  propellant  supply  pres¬ 
sure  to  ( 1 )  seat  the  projectile,  ( 2 )  separate  the  projec¬ 
tile  earner  from  the  projectile  within  the  K 't,  and  (3) 
fill  the  combustion  chamber  115  ws;h  propellant  as  the 
bolt  is  moved  rearward,  .is  illustrated  in  FIG.  13,  to  its 
firing  position. 

During  this  phase  of  operation  the  propellant  flows 
past  the  one-way  ball  check  valve  117  and  enters  the 
carrier  through  the  opening  between  the  fingers  of  clips 
03  in  the  carrier  wall.  The  propellant  flows  through  the 
propellant  flow  grooves  59  in  liie  projectile  51  and  acts 
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on  the  rear  face  67  of  the  projectile  T1  and  the  forward 
inner  face  69  of  the  carrier. 

When  the  firing  chamber  115  is  filled,  the  boh  a 
locked  in  its  rear  position  by  the  lock  133  (see  FIG. 
10). 

The  firing  pin  129  is  released,  and  the  firing  pin 
strikes  die  percussion  primer  77,  igniting  the  liquid  pro¬ 
pellant  charge  in  the  combustion  chamber  115. 

After  projectile  exit,  the  bolt  is  opened,  tiu.  spent 
projectile  carrier  is  ejected  as  illustrated  in  FIG.  15, 
and  a  subsequent  cycle  is  initiated  as  long  as  the  trigger 
is  depressed. 

The  weapon  may  also  be  operated  in  a  semi¬ 
automatic  mode  if  a  burst  has  not  been  fired  recently. 
In  the  semi-automatic  mode  the  man  firing  the  gun 
hand  operates  an  operating  handle  to  fill  the  firing 
chamber  1 1 5  with  propellant  and  to  position  the  parts 
in  their  relative  positions  as  assumed  at  the  end  of  pro¬ 
pellant  loading  as  illustrated  in  FIG.  13.  In  this  case  the 
weapon  is  in  effect  cocked  and  ready  to  fire  when  the 
trigger  is  pulled  and  the  firing  pin  is  released  to  engage 
the  igniter  77  as  illustrated  in  FIG.  14.  The  weapon  can 
continue  to  operate  in  the  semi-automatic  mode  as  long 
as  the  chamber  115  does  not  become  hot  enough  to 
allow  static  cook-ofT. 

A  thermostatic  element  can  be  included  in  the 
weapon  to  override  semi-automatic  operation  when  the 
chamber  housing  is  too  hot  to  allow  semi-automatic  op¬ 
eration  from  a  filled  chamber. 

As  illustrated  in  FIG.  17  the  drag  coefficient  for  the 
reentry  body  projectile  is  quite  low,  especially  in  com¬ 
parison  to  projectiles  having  configurations  which  are 
presently  being  used.  The  small  bore  liquid  propellant 
gun  of  the  present  invention  permits  the  use  of  this  re¬ 
entry  body  configuration  by  providing  the  requisite 
high  velocity  for  aerodynamic  stabilization.  The 
weapon  of  the  present  invention  can  produce  high  ve¬ 
locity  (as  a  practical  matter)  because  the  liquid  propel¬ 
lant  combustion  does  not  heat  ii;r  barrel  as  much  as 
solid  propellant  combustion.  The  cooler  burning  char¬ 
acteristics  of  the  liquid  propellant  are  graphically  illus¬ 
trated  in  FiG.  16.  Tliis  figure  shows  the  envelope  of 
peak  bore  surface  temperatures  during  eight  round 
bursts  of  liquid  and  solid  propellant  ammunition. 

A  weapon  constructed  in  accordance  with  another 
embodiment  of  the  irvention  is  illustrated  in  FIGS.  IS, 
19  and  20. 

The  weapon  shown  in  FIGS.  IS  and  19  embodies  two 
important  features. 

A  reciprocating  combustion  chamber  housing  s'ides 
over  tiie  rear  end  of  the  band  and  replaces  the  conven¬ 
tional  bolt  mechanism. 

The  magazine  is  a  completely  self-contained  maga¬ 
zine  which  incorporates  a  propellant  pump,  a  chamber 
high  pressure  inlet  valve  and  a  clip  of  projcctile-camer 
assemblies. 

When  the  rcciprocable  combustion  chamber  housing 
of  the  embodiment  of  the  weapon  shown  in  FIG.  18  is 
fully  forward,  ’he  combustion  chamber  is  completely 
eliminated.  As  the  housing  moves  to  the  rear,  the  com¬ 
bustion  cavi*y  is  formed  in  a  manner  which  eliminates 
ullage. 

Ibis  embodiment  of  the  present  invention  achieves  a 
low  length  in  diameter  ratio  for  the  combustion  cham¬ 
ber.  This  minimizes  receiver  length  and  improves 
chamber  wall  cooling  du.-  to  the  liquid  annulus  remain¬ 
ing  at  the  time  of  initiation. 


8 

This  reciprocating  housing  construction  permits  the 
use  of  a  static  lock  for  the  combustion  chamber. 

Combustion  loads  are  not  carried  through  a  receiver 
but  are  carried  through  the  static  members  linking  the 
5  barrel  to  the  chamber. 

It  provides  convenient  means  of  thermal  isolation  for 
the  chamber. 

It  permits  ready  increase  of  velocity  level  by  using  a 
longer  chamber  and  stroke. 

10  Propellant  passages  in  the  receiver  mechanism  are 
eliminated  which  simplifies  the  mechanism,  eliminates 
voids  and  eliminates  propellant  filled  passages  which 
could  transmit  flame  from  the  combustion  chamber  to 
the  propellant  supply  in  the  magazine. 

15  As  illustrated  in  FiG.  18  a  combustion  chamber  hous¬ 
ing  161  slides  back  and  forth  on  the  outer  surface  163 
of  the  end  of  the  barrel  43. 

The  housing  161  is  shown  in  its  rearward  most  posi¬ 
tion  in  FIG.  18  ready  for  firing.  The  combustion  cham- 
20  ber  housing  161  and  the  bolt  105  are  held  in  this  posi¬ 
tion  by  a  static  or  stationary  lock  165.  The  lock  165 
abuts  the  back  face  of  the  housing  161.  The  lock  165 
includes  an  inner  recess  167  which  engages  a  radially 
projecting  lar.g  169  of  the  bolt.  The  tang  169  is  rotated 
25  into  blocking  engagement  with  the  recessed  surface 
167  of  the  lock. 

A  seal  171  at  the  forward  end  of  the  housing  161 
seals  between  the  housing  161  and  the  barrel  surface 
163. 

50  Liquid  propellant  is  admitted  to  the  combustion 
chamber  151  through  a  port  173  in  the  housing  161. 

A  valve  clement  175  controls  the  admission  of  liquid 
propellant  through  the  port  173.  The  valve  element 
175  is  reciprocable  within  a  bore  177  in  the  housing 
55  161,  and  a  vent  179  vents  the  forward  end  of  the  bore 
177. 

As  described  below,  a  strap  transfer  mechanism  181 
is  operated  by  movement  of  the  bolt  to  lift  a  toothed 
strap  101  to  elevate  the  bottom  wall  of  the  propellant 
40  tank  79  and  the  bottom  •vail  of  the  clip  for  the  projec¬ 
tiles  on  each  cycle  of  operation. 

TGS.  22  and  23  illustrate  schematically  operation  of 
the  strap  transfer  mechanism  181.  Two  straps  101  are 
provided,  one  to  raise  the  projectiles  and  die  other  to 
*5  compress  the  propellant  supply  bellows. 

The  strap  transfer  drive  tang  184  engages  a  slot  in  the 
bolt  which  causes  reciprocation  of  drive  tang  184.  Dur¬ 
ing  rearward  motion  of  the  tang  its  teeth  engage  corre- 
sponding  teeth  on  plastic  strap  101  causing  it  to  be 
50  transported  to  t!ie  rear  and  at  the  same  time  rotating 
take  up  reel  1118.  When  the  bolt  moves  forward,  hold¬ 
ing  clutch  186  prevents  relaxation  of  the  tension  on 
strap  101.  Excess  tension  in  the  strap  is  prevented  by 
slipping  action  between  the  drive  teeth  of  tang  184  and 
55  strap  !01  which  is  controlled  by  the  spring  load  on 
holding  clutch  186. 

FIG.  19  illustrates  the  manner  in  which  the  projec- 
tilc-carricr  assemblies  are  fed  into  position  in  the  front 
of  the  bolt 

N*  A  pair  of  resilient  clips  at  the  upper  end  of  the  pas¬ 
sage  95  holds  the  uppei  most  projectile  in  position  until 
the  forward  movement  of  the  bolt  pushes  the  projectile 
carrier  into  the  combustion  chamber. 

A  tang  iw  cam  follow  er  183  on  the  bolt  engages  a 
65  groove  or  cam  pa'h  185  to  control  rotation  of  the  bolt 
during  reciprocating  movement. 

As  rioted  above,  the  flow  of  propellant  to  the  com¬ 
bustion  chamher  51  is  under  the  control  of  a  valve  ele- 
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inert  175.  This  valve  element  175  is  a  part  of  a  pump¬ 
ing  assembly  which  is  indicated  generally  by  the  refer¬ 
ence  numeral  191  and  which  is  an  integral  part  of  the 
magazine  47. 

The  pumping  assembly  191  includes  three  operating 
elements.  These  elements  arc  a  reciprocable  outer 
housing  193,  a  piston  195  and  the  valve  element  175. 

The  piston  195  slides  within  a  bore  197  within  the 
outer  housing  193,  and  is  connected  to  a  piston  rod  199 
which  extends  outwardly  through  a  sealed  opening  in 
the  rearward  end  cf  the  outer  housing  193. 

The  valve  element  175  is  connected  to  a  rod  301 
which  extends  through  a  seal  in  the  piston  155  and 
which  is  reciprocable  w  ithin  a  bore  203  in  the  rod  199. 

The  outer  housing  193,  the  rod  199  and  the  rod  201 
each  have  an  upwardly  extending  lip  which  is  releas- 
ablv  engaged  by  an  operating  element  205,  207  and 
209  respectively  of  the  weapon. 

The  rear  face  of  the  valve  element  175  has  a  seal  ele¬ 
ment  211  which  engages  a  forward  annular  face  of  the 
outer  housing  193  in  sealing  relationship  in  the  position 
illustrated  in  FIG.  18. 

The  valve  clement  175  also  includes  sealing  members 
213  and  215.  These  sealing  elements  are  high  pressure 
seals  which  prevent  any  flow  out  the  combustion  cham¬ 
ber  151  during  combustion. 

Propellant  is  drawn  into  the  chamber  formed  in  the 
bore  197  in  front  of  the  piston  195,  during  one  phase  of 
operation  of  the  weapon,  through  a  conduit  217  in  the 
outer  housing  193  and  past  a  spring  biased  one-way  bail 
check  valve  219.  The  c.  nduit  217  has  an  extension 
217A  which  compensates  for  reciprocation  of  the  con¬ 
duit  217  within  the  reservoir  79  to  prevent  an  unequal 
displacement  of  volume  during  reciprocation. 

As  in  the  embodiment  of  the  invention  described 
with  reference  to  FIGS.  9-15,  the  embodiment  illus¬ 
trated  in  FIGS.  18  and  19  can  operate  in  two  modes  — 
the  automatic  mode  for  firing  bursts  and  semi¬ 
automatic  mode. 

The  automatic  mode  is  staited  with  the  bolt  105  fully 
retracted  behind  the  projectile  assembly.  The  recipro¬ 
cating  combustion  chamber  housing  161  is  fully  rear¬ 
ward  with  the  rear  face  166  in  abutment  with  the  lock 

165. 

At  this  point  the  strap  101  has  operated  to  lift  the 
bottom  of  the  magazine  to  position  a  projectile-carrier 
assembly  in  front  of  the  bolt. 

The  bolt  105  is  then  moved  forward.  This  transfers 
the  projectile-carrier  assembly  forward  until  the ’pro¬ 
jectile  51  is  seated  in  the  band  and  the  elastomer  sea! 
57  engages  the  inside  of  the  banei  to  form  a  liquid  seal. 

Locking  and  unlocking  of  the  buit  is  controlled  by 
the  action  of  the  cam  path  185  on  the  bolt  cam  follower 
183.  Forward  and  backward  movement  of  the  cam 
slide  169  is  controlled  by  the  gas  piston  push  rod  162. 
This  camming  action  rotates  the  bolt  prior  to  forwa:  J 
or  backward  movement  of  the  bolt  assembly.  A  manual 
override  W>4  is  provided  to  permit  hand  operation  of 
the  boif  in  event  of  misfire. 

In  a  typical  firing  cycle  the  gas  piston  push  rod  162  is 
driven  to  the  rear  by  combustion  gasses  as  the  projec¬ 
tile  passes  by  a  n.a>  port  near  the  muzzle.  Rearward  mo¬ 
tion  of  the  push  rod  162  „nd  cam  slide  160  rotate  the 
bolt  cam  follower  183  counterclockwise  (viewed  from 
the  rear!  to  disengage  the  bolt  tang  169  from  the  bolt 
lock  inner  recess  lt>7  allowing  the  boit  to  move  to  the 
rear,  extracting  and  ejecting  the  spent  projectile  car¬ 
rier.  At  Its  rearmost  position  the  bolt  picks  up  a  new 
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projectile  and  carrier  assembly  and  during  forward  mo¬ 
tion  loads  this  assembly  into  the  combustion  chamber 
housing.  Continued  forward  motion  of  the  cam  slide 
160,  rotates  the  bolt  clockwise  and  carries  the  combee- 
5  tion  chamber  housing  161  forward  until  banei  surface 
44  is  in  abutment  with  housing  surface  160  at  which 
time  the  pumping  cycle  is  initiated  as  described  above. 

FIGS.  21 A-D  show  another  embodiment  of  a  ptojec- 
tile-carrier  assembly  incorporating  a  coacting  tang  and 
10  slot  construction  for  positive  extraction  in  the  event  at 
misfire.  The  propeliant-flow  ports  and  grooves  are 
omitted  in  FIGS.  21A-D  for  clarity  of  illustration  but 
are  the  same  as  in  the  embodiment  shown  in  FIGS.  2-5. 

As  best  shown  in  FIG.  21B,  the  carrier  has  a  tang  70 
15  the  end  of  a  finger  63. 

As  best  shewn  in  FIG.  2 1 D  the  projectile  has  a  slot  60 
with  a  recess  62. 

In  norma]  operation  the  tang  70  does  not  engage  the 
20  recess  62.  The  spring  action  of  the  fingers  63  hold  the 
projectile  in  place  during  loading. 

If  there  is  a  misfire,  the  normal  counterclockwise  ro¬ 
tation  of  the  bolt  causes  the  tang  70  to  be  engaged  in 
the  recess  62  when  the  carrier  is  reconnected  to  the  ua- 
2j  fired  projectile. 

The  tur.g  70  is  never  engaged  in  the  recess  62' except 
in  the  ev  ent  of  a  misfire.  The  normal  loading  and  lock¬ 
ing  movement  of  the  bolt  is  clockwise. 

As  the  bolt  is  moved  forward,  the  outer  housing  193 
30  of  the  pumping  assembly  191  is  also  .moved  forward 
with  the  valve  element  175.  This  permits  propellant  to 
flow  through  the  passage  217  and  pass  the  check  valve 
219  into  a  chamber  which  is  formed  between  the  fror* 
face  of  the  piston  1 95  and  the  rear  inner  face  of  the  for- 
35  ward  part  of  the  valve  of  the  outer  housing  1931 

The  forward  movement  of  the  outer  housing  193  and 
the  valve  element  175  is  then  discontinued  while  the 
forward  movement  of  the  vab  e  clement  175  is  contin¬ 
ued.  The  valve  clement  175  jogs  forward  enough  to  un- 
40  cover  the  poit  173.  Propellant  can  then  flow  from  the 
chamber  in  front  cf  the  piston  195  through  the  bore 
231  in  '.he  center  part  of  the  forward  end  of  the  outer 
housing  193  and  through  die  port  173  and  into  the 
combustion  chamber  151. 

45  The  cater  housing  193  is  then  moved  to  the  rear  by 
the  actuating  mechanism  205  while  the  piston  195  k 
held  stationary.  This  pumps  the  propellant  into  the 
combustion  chamber  15 1.  This  in  ram  moves  the  recip¬ 
rocating  combustion  chamber  housing  161  to  the  rear 
50  and  separates  the  carrier  53  from  the  p  rejectee  51. 

When  the  rearward  movement  of  the  pump  cuter 
housing  193  anJ  the  combustion  chamber  housing  161 
has  been  completed,  and  the  housing  161  is  in  abut¬ 
ment  with  the  stationary  lock  165,  actuating  clement 
55  209  then  pulls  valve  element  175  rearward  to  the  posi¬ 
tion  illustrated  in  F!G.  IS  in  which  the  high  pressure 
seals  213  and  215  seal  o:T  ar.y  fluid  flow  through  the 
port  173. 

The  bolt  105  is  moved  to  the  rear  with  the  rearward 
«)  movement  of  the  housing  161. 

At  this  point  the  w  eapon  is  ready  for  firing,  and  filing 
is  accomplished  by  the  hammer  striking  the  firing  pin 
129  to  force  the  forward  end  of  the  firing  pin  into  en¬ 
gagement  with  the  back  face  of  the  carrier  53  to  ignite 
65  the  igniter  77. 

A  corn  criticnal  gas  operated  linkage  connected  to 
the  bolt  gives  the  bolt  a  kick  to  the  rear  when  the  pro¬ 
jectile  passes  the  gas  operator. 
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An  off  center  ejector  pin  in  the  bolt,  like  the  pin  125 
shown  in  FIG.  15  tumiles  the  spent  carrier  out  through 
an  ejection  slot. 

In  the  event  of  a  misfire  the  valve  element  175  is 
moved  forward  to  uncover  the  port  173,  and  a  manu-  * 
ally  actuated  misfire  mechanism  pushes  die  housing 
161  forward  to  pump  out  the  propellant  from  the  com¬ 
bustion  chamber  151. 

The  bolt  105  is  rotated  with  respect  to  the  carrier  58 
to  engage  the  extraction  clips  of  the  bolt  in  the  .:lot  of  10 
the  carrier  to  produce  a  positive  grip  between  the  bolt 
and  the  carrier.  The  bolt  is  then  pulled  back  to  extract 
the  carrier  and  the  projectile  51,  and  the  entire  reen¬ 
gaged  carrier  and  projectile  assembly  is  ejected 
through  the  ejection  slot  at  the  end  of  rearward  move¬ 
ment  of  the  bolt. 

In  the  semi-automatic  mode  the  parts  are  manually 
actuated  for  the  first  shot  to  the  relative  positions  illus¬ 
trated  in  FIG.  18  sc  that  the  weapon  is  ready  to  fire  jq 
when  the  trigger  is  pulled. 

As  described  above,  with  reference  to  the  first  em¬ 
bodiment  of  this  invention,  a  thermostatic  element  can 
be  provided  to  override  the  semi-automatic  operating 
mechanism  when  the  chamber  housing  is  too  hot  to  ->; 
allow  semi-automatic  operation  from  a  filled  chamber. 

To  remove  the  magazine  47  from  the  weapon  illus¬ 
trated  in  FIG.  18,  a  clip  release  is  actuated  to  move  the 
outer  housing  193,  the  piston  195  and  the  valve  ele¬ 
ment  175  to  the  rear  and  to  release  the  magazine  hous-  30 
ing  from  the  receiver  45. 

It  is  an  important  feature  of  the  embodiment  of  the 
present  invention  shown  in  FIG.  18  that  propellant  pas¬ 
sages  in  the  receiver  mechanism  are  eliminated.  The 
only  free  volume  is  the  connection  from  the  combus-  35 
tion  chamber  151  to  the  bore  177  through  the  rela¬ 
tively  small  port  173. 

The  high  pressure  seals  213  and  215  are  replaced 
each  time  a  new-  magazine  is  used. 

The  flat  seal  211  provides  positive  propellant  iscla-  40 
tion,  and  there  is  always  an  atmospheric  vent  after  the 
high  pressure  seal  215  and  before  getting  to  the  propel¬ 
lant  in  the  reservoir  79. 

While  wc  have  illustrated  and  described  the  pre¬ 
ferred  emNxiiments  of  our  invention,  it  is  to  be  under-  45 
stood  that  these  arc  capable  cf  variation  and  modifica¬ 
tion,  and  we  therefore  do  not  wish  to  be  limited  to  the 
precise  details  set  forth,  but  desire  to  avail  ourselves  of 
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such  changes  and  alterations  as  fall  within  the  purview 
of  the  following  claims. 

We  claim: 

1.  A  projectile-carrier  assembly  for  a  liquid  propel¬ 
lant  gun  comprising, 

a  projectile  having  a  sidewall, 
propellant  flow  passage  means  in  a  sidewall  of  the 
projectile  at  the  rear  end  of  the  projectile, 
a  carrier  having  a  sidewall, 

said  carrier  having  an  open  ended  front  part  for  re¬ 
ceiving  the  rear  end  of  the  projectile, 
connecting  means  on  the  carrier  engageable  with  the 
projectile  to  connect  the  carrier  and  projectile  so 
the  projectile  can  be  transported  by  the  carrier, 
and  opening  means  in  the  sidewall  of  the  carrier  asso¬ 
ciated  with  the  passage  means  in  the  projectile  for 
permitting  the  flow  of  liquid  propellant  through  the 
opening  means  and  passage  means  and  between  the 
projectile  and  the  carrier  to  disconnect  the  con¬ 
necting  means  and  to  separate  the  carrier  from  the 
projectile  after  the  projectile  has  been  placed  in  fir¬ 
ing  position  in  the  gun. 

2.  A  projectile-carrier  assembly  as  defined  in  claim  1 
wherein  the  connecting  means  include  resilient  clips  on 
the  carrier  ar.d  recesses  on  the  projectile  for  receiving 
the  dips. 

3.  A  projectile-carrier  assembly  as  defined  in  claim  1 
including  a  flat  on  the  carrier  for  aligning  the  carrier 
and  projectile  with  me  bolt  of  the  gun. 

4.  A  projectile-carrier  assembly  as  def  ned  in  claim  1 
including  a  radially  extending  lip  at  the  radial  end  of 
the  carrier  which  can  be  engaged  by  a  clip  on  the  bolt 
to  extract  the  carrier  from  the  gun. 

5.  A  projectile-carrier  assembly  as  defined  in  claim  1 
including  an  elastomer  seal  extending  circumferentially 
around  the  projectile  for  forming  a  fluid-type  seal  with 
the  bore  of  a  gun  when  the  projectile  is  placed  in  firing 
position  in  the  gun. 

6.  A  projectile-carrier  assembly  as  defined  in  claim  1 
including  an  elastomer  seal  extending  circumferentially 
around  the  carrier  for  forming  a  fluid-tight  seal  with  the 
rear  end  of  the  firing  chamber  of  the  gun. 

7.  A  projectile-carrier  assembly  as  defined  in  claim  1 
including  a  percussive  igniter  in  the  carrier. 

8.  A  projectile -carrier  assembly  as  defined  in  claim  1 
wherein  the  projectile  has  a  reentry  body  configuration 
and  which  is  an  aerodynamically  stabilized  shape. 

*  *  •  •  * 
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[57]  ABSTRACT 

A  liquid  propellant  modular  gun  has  a  main  cam  which 
is  driven  at  a  multiple  of  the  gun  firing  rate  and  which 
has  internal  cam  surfaces  operatively  associated  with 


the  bolt  while  the  bolt  is  driven  forward  to  load  and  fire 
and  backward  to  accept  another  projectile. 

The  gun  incorporates  a  control  cam  driven  at  the  gun 
firing  rate  and  effective  to  unlock  the  bolt  after  firing  of 
a  projectile  so  that  the  bolt  can  be  returned  to  its  rear¬ 
ward  position  under  the  control  of  the  main  cam. 

The  main  cam  acts  to  time  all  the  remaining  mecha¬ 
nisms  of  the  gun  to  the  bolt  motion. 

The  accelerating  force  for  the  bolt  is  provided  by  hy¬ 
draulic  pressure  applied  directly  to  the  bolt  area. 

Energy  stored  in  the  bolt  from  the  force  of  the  acceler¬ 
ating  hydraulic  pressure  is  converted  into  rotary  energy 
and  is  stored  in  the  main  cam  and  other  rotating  devices 
geared  to  the  main  cam. 

The  stored  rotary  energy  in  the  main  cam  is  used  in 
combination  with  residual  gas  pressure  remaining  in  the 
gun  barrel  for  a  part  of  the  bolt  return  stroke  to  acceler¬ 
ate  the  bolt  rearward. 

Energy  losses,  including  those  caused  by  hydraulic 
pressure  drop,  friction  and  windage,  are  made  up  by  a 
pumping  system  receivmg  its  energy  from  the  gas  pres¬ 
sure  added  to  the  gun  as  a  part  of  the  firing  of  each 
projectile. 
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LIQUID  PROPELLANT  MODULAR  GUN 
INCORPORATING  HYDRAULIC 
PRESSURIZATION  OF  THE  CASE 

5 

CROSS  REFERENCES  TO  RELATED 
APPLICATIONS 

This  invention  relates  to  a  liquid  propellant  gun  of  the 
kind  disclosed  in  issued  U.S.  Pat.  Nos.  3,800,657; 
3,915,057;  3,949,642;  3,919,922;  and  3,998,129  to  Brox-  lu 
holm  et  al.  and  pending  U.S.  patent  application  Ser.  No. 
616,822  filed  Sept.  25,  1975  by  Elmore  et  al  and  now 
U.S.  Pat.  No.  4,062,266  (all  assigned  to  the  same  as¬ 
signee  as  the  assignee  of  this  application). 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  modular  liquid  propellant 
gun  of  the  kind  in  which  liquid  propellant  is  burned  in  a 
combustion  chamber  to  fire  a  projectile  from  the  gun. 

The  liquid  propellant  guns  disclosed  in  the  five  issued 
U.S.  Patents  and  pending  U.S.  patent  application  re¬ 
ferred  to  above  are  representative  of  the  prior  art,  and 
the  present  invention  relates  to  certain  improvements  in 
a  liquid  propellant  gun  of  this  general  kind. 

SUMMARY  OF  THE  INVENTION 

The  liquid  propellant  gun  of  the  present  invention  :s 
a  hydraulically  operated,  externally-driven  gun  con¬ 
structed  in  modular  form.  A  main  cam  serves  to  time  all  jq 
operations  to  the  bolt  motion,  to  decelerate  the  bolt 
during  its  loading  stroke  and  to  accelerate  the  bolt  dur¬ 
ing  its  opening  stroke. 

The  gun  mechanism  is  so  housed  that  it  can  be 
grouped  in  multiple  units,  either  in  a  circular  or  flat  jj 
configuration,  to  give  a  multi-barrel  gun. 

A  hydraulic  motor  is  used  on  each  module  to  provide 
rotary  power  for  driving  the  gun  mechanism.  The 
motor  drives  a  main  cam  and  a  control  cam  by  means  of 
gears  off  a  jackshaft.  40 

The  main  cam  operates  at  a  multiple  of  the  gun  firing 
rate  and  has  internal  cam  grooves  of  the  Yankee  screw¬ 
driver  configuration  which  are  associated  with  a  cam 
follower  on  the  bolt  during  forward  motion  of  the  bolt 
to  load  and  fire  and  during  backward  motion  of  the  bolt  4; 
to  accept  another  projectile. 

The  bolt  is  locked  at  the  end  of  the  forward  motion 
by  rotating  the  bolt  to  place  locking  lugs  on  the  head  of 
the  bolt  behind  mating  lugs  in  the  barrel.  * 

The  bolt  is  maintained  in  this  locked  position  50 
throughout  the  propellant  loading  and  firing  portion  of 
the  cycle  and  is  then  unlocked  by  a  control  cam  rotating 
in  the  reverse  direction  from  the  main  cam.  The  control 
cam  operates  at  the  gun  firing  rate  and  urges  the  bolt 
cam  follower  pin  into  the  return  groove  of  the  main  55 
cam. 

The  main  cam  also  has  a  rest  groove  in  which  the  bolt 
cam  follower  pin  rides  when  the  gun  is  not  firing. 

The  gun  repeats  the  firing  operation  (loading  a  new 
projectile  into  the  bolt  pathway  as  soon  as  the  bolt  60 
reaches  its  fully  retracted  position)  in  an  automatic 
mode  of  operation  unless  the  bolt  is  locked  in  the  fully 
retracted  position. 

In  the  present  invention  the  main  cam  acts  to  time  all 
the  mechanisms  of  the  gun  to  the  motion  of  the  bolt.  65 

The  main  cam  also  serves,  to  some  extent,  to  drive  the 
bolt  during  certain  portions  of  the  movement  of  the 
bolt,  but  the  primary  function  of  the  main  cam  is  syn- 
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chronization  of  the  bolt  movement  with  other  gun 
mechanisms. 

The  power  required  to  accelerate  and  to  drive  the 
bolt  and  projectile  forward  into  the  gun  barrel  is  quite 
high  during  automatic  operation  of  the  gun.  To  obtain 
this  high  peak  power  efficiently  the  present  invention 
applies  hydraulic  pressure  directly  to  the  bolt  area. 
When  the  bolt  is  unlocked,  this  hydraulic  pressure 
drives  the  bolt  and  projectile  forward  so  that  the  main 
cam,  during  this  part  of  the  cycle  of  operation,  does  not 
provide  the  accelerating  force  for  the  bolt  and  projec¬ 
tile. 

The  bolt  must  be  slowed  to  a  low  velocity  at  the  end 
of  the  forward  stroke,  and  the  main  cam  is  used  to  pro¬ 
vide  this  slowing  of  the  bolt  during  the  last  half  of  its 
stroke.  This  result  is  obtained  by  increasing  the  cam 
groove  angle  so  that  the  energy  stored  in  the  bolt  from 
the  accelerating  hydraulic  pressure  is  transferred 
through  the  bolt  follower  to  the  main  cam  and  is  con¬ 
verted  into  rotary  energy  which  is  stored  in  the  main 
cam  and  all  the  other  rotating  devices  geared  to  the 
main  cam. 

The  firing  rate  of  the  gun  is  dependent  upon  the  aver¬ 
age  speed  of  the  main  cam  and  the  control  cam  geared 
to  it.  In  one  particular  embodiment  of  the  present  inven¬ 
tion,  the  main  cam  operates  initially  at  3,000  rpm  and 
the  control  cam  operates  initially  at  600  rpm  to  provide 
a  firing  rate  of  1,000  rounds  per  minute. 

The  hydraulic  pressure  used  to  drive  the  bolt  forward 
not  only  smooths  cyclic  peak  loads,  but  it  also  supplies 
lubrication  to  the  entire  drive  assembly  of  the  gun  since 
the  entire  mechanism  is  sealed  in  an  oil  bath  by  the 
present  invention. 

After  firing,  the  bolt  cam  follower  is  rotated  to  the 
unlocked  position  by  a  control  cam  as  noted  above. 

At  this  point,  the  present  invention  utilizes  residual 
gas  pressure  in  the  barrel  to  force  the  bolt  rearward  and 
to  position  the  bolt  cam  follower  in  the  return  groove  in 
the  main  cam. 

The  stored  rotary  energy  in  the  main  cam  is  then 
used,  in  addition  to  the  residual  gas  pressure  remaining 
in  the  barrel,  for  a  part  of  the  stroke  to  accelerate  the 
bolt  rearward. 

The  energy  stored  in  the  main  cam  would  return  the 
bolt  to  its  starting  position  after  it  is  unlocked  if  the 
losses  (including  those  caused  by  hydraulic  pressure 
drop,  friction  and  windage  and  the  kinetic  energy  in  the 
projectile)  were  negligible.  However,  these  losses  are 
large  enough  to  require  a  significant  addition  of  power 
to  the  hydraulic  system  from  an  external  power  source. 
In  accordance  with  the  present  invention,  a  gas  oper¬ 
ated  hydraulic  pumping  system  (which  receives  its  en¬ 
ergy  from  the  gas  pressure  added  to  the  gun  as  a  part  of 
the  firing  of  each  projectile)  is  employed  to  provide  the 
additional  energy  required  during  each  firing  cycle 
rather  than  requiring  the  main  hydraulic  system  power 
source  to  supply  it. 

The  present  invention  also  embodies  a  timing  cam 
driven  at  the  same  speed  as  the  control  cam.  The  timing 
cam  serves  as  a  lock-out  device  to  allow  the  bolt  release 
only  during  the  appropriate  portion  of  the  cycle.  The 
timing  cam  synchronizes  the  bolt  unlock  operation  with 
the  control  cam  position.  That  is,  since  the  main  cam 
turns  at  a  multiple  of  the  gun  firing  rate,  the  forward 
groove  of  the  main  cam  passes  the  bolt  cam  follower  a 
number  of  times  before  the  timing  for  the  release  of  the 
bolt  is  correct  with  respect  to  the  control  cam.  The 
timing  cam  provides  the  required  synchronization  of 
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the  bolt  release  into  the  forward  groove  of  the  main 
cam. 

A  torsion  bar  is  used  to  provide  a  constant  locking 
torque  on  the  bolt  to  effect  the  necessary  radial  motion 
of  the  bolt  in  a  sufficiently  short  time.  The  torsion  bar  5 
provides  a  high  spring  force  to  rotate  the  bolt  into  a 
locked  position  at  the  end  of  the  bolt  forward  stroke. 

A  single  valve  arrangement  is  used  for  controlling  the 
flow  of  propellant  to  the  combustion  chamber  of  the 
gun.  The  valve  is  associated  with  a  projectile  sensor  10 
mechanism  in  a  manner  such  that  the  propellant  valve  is 
maintained  closed  until  a  projectile  has  actually  entered 
the  gun  as  determined  by  the  actuation  of  the  projectile 
sensor  mechanism. 

The  propellant  valve  must  then  be  opened  rapidly.  ls 
The  valve  is  opened  by  the  forward  motion  of  the  bolt, 
to  provide  the  required  fast  opening  of  the  valve,  and  is 
held  opened  during  the  propellant  Ailing  portion  of  the 
cycle  by  a  cam  pin  in  the  control  cam.  The  propellant 
valve  also  provides  isolation  of  the  propellant  supply  20 
from  the  gun  combustion  chamber  during  firing.  The 
projectile  sensor  mechanism  forces  a  sliding  member  to 
the  end  of  its  travel  against  a  spring  load  as  a  projectile 
enters  the  gun  from  the  feed  belt.  This  motion  forces  a 
sear  hook  attached  to  the  propellant  valve  into  the  path 
of  a  locking  lug  on  the  bolt  head.  The  forward  motion 
of  the  bolt  then  can  engage  the  propellant  valve  and 
open  it. 

The  projectile  sensor  mechanism  thus  ensures  that,  if  y, 
no  projectile  enters  the  gun,  no  propellant  is  admitted  to 
the  gun. 

The  projectile  sensor  mechanism  is  also  effective  to 
prevent  the  gun  module  from  being  disabled  by  a  mis¬ 
fire  cam  if  no  projectile  enters  the  gun  from  the  feed  jj 
belt. 

The  present  invention  incorporates  a  multi-purpose 
misfire  detection  mechanism  which  uses  the  gas  pres¬ 
sures  added  to  the  gun  upon  the  firing  of  each  projectile 
for  two  purposes — to  pump  make  up  fluid  and  to  oper-  40 
ate  the  misfire  detection. 

As  noted  above,  these  gas  pressures  are  used  to  pump 
hydraulic  fluid  to  make  up  energy  losses. 

The  present  invention  uses  a  piston  and  rod  assembly 
as  part  of  this  pumping  mechanism.  43 

The  piston  and  rod  assembly  also  operates  a  disable 
cam  to  disable  the  gun  module  in  the  event  of  a  misfire. 

The  mechanism  used  to  lock  the  bolt  in  its  most  rear¬ 
ward  position  incorporates  a  ball  lock  device  which  is 
controlled  by  a  plunger  operated  by  a  solenoid  or  by  the  50 
application  of  hydraulic  pressure  directly  to  the 
plunger. 

The  belt  which  feeds  projectiles  and  which  surrounds 
the  gun  module  or  gun  modules  is  caused  to  rotate  as 
soon  as  the  gun  module  or  modules  are  put  into  the  55 
ready  condition.  The  drive  for  this  mechanism  is  ob¬ 
tained  from  the  same  hydraulic  motor  (or  motors) 
which  drives  the  individual  gun  module  (or  associated 
gun  modules). 

The  drive  connection  between  the  hydraulic  motor  60 
and  the  belt  includes  harmonic  drive  gearing  to  provide 
a  large  gear  reduction  with  a  minimum  of  mechanism 
bulk  and  weight. 

The  hydraulic  motor  in  each  gun  module  drives  the 
main  cam  of  the  gun  module,  as  described  above;  and  65 
the  main  cam  is  geared  to  an  output  shaft  through  the 
harmonic  drive  gearing.  The  shaft  in  turn  is  geared  to 
the  belt  containing  the  projectiles. 
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Thus,  the  belt  surrounding  the  modules  serves  to 
synchronize  the  firing  of  the  modules  and  serves  also  to 
drive  the  projectile  feed  to  the  gun  modules. 

Liquid  propellant  gun  apparatus  and  methods  which 
incorporate  the  structure  and  techniques  described 
above  and  which  are  effective  to  function  as  described 
above  constitute  specific  objects  of  this  invention. 

Other  and  further  objects  of  the  present  invention 
will  be  apparent  from  the  following  description  and 
claims  and  are  illustrated  in  the  accompanying  drawings 
which,  by  way  of  illustration,  show  preferred  embodi¬ 
ments  of  the  present  invention  and  the  principles 
thereof  and  what  are  now  considered  to  be  the  best 
modes  contemplated  for  applying  these  principles. 
Other  embodiments  of  the  invention  embodying  the 
same  or  equivalent  principles  may  be  used  and  struc¬ 
tural  changes  may  be  made  as  desired  by  those  skilled  in 
the  art  without  departing  from  the  present  invention 
and  the  purview  of  the  appended  claims. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  fragmentary  side  elevation  view  in  cross 
section  of  a  liquid  propellant  gun  constructed  in  accor¬ 
dance  with  one  embodiment  of  the  present  invention. 
The  section  of  FIG.  1  is  taken  along  the  line  and  in  the 
direction  indicated  by  the  arrows  1 — 1  in  FIG.  2. 

FIG.  2  is  an  end  elevation  view  of  the  gun  shown  in 
FIG.  1  and  is  taken  in  the  direction  indicated  by  the 
arrows  2 — 2  in  FIG.  1. 

FIG.  3  is  a  schematic,  partly  in  cross  section,  of  a 
hydraulic  system  associated  with  the  gun  of  FIG.  1. 

FIG.  4  is  a  fragmentary  side  elevation  view  in  cross 
section  of  a  muzzle  switch  actuator  physically  incorpo¬ 
rated  in  the  gun  module  of  FIG.  1  but  also  shown  as  a 
part  of  the  hydraulic  system  of  FIG.  3. 

FIG.  5  is  a  cross  section  view  taken  along  the  line  and 
in  the  direction  indicated  by  the  arrows  S — 5  in  FIG.  1. 
FIG.  5  is  partly  broken  away  to  show  details  of  a  pro¬ 
jectile  presence  sensor  lug  58  and  helical  rack  55. 

FIG.  6  is  a  fragmentary  cross  section  view  taken 
along  the  line  and  in  the  direction  indicated  by  the 
arrows  6 — 6  in  FIG.  5.  FIG.  6  shows  details  of  a  misfire 
detection  cam  75  and  its  association  with  the  gas  oper¬ 
ated  rod  70  of  FIG.  4. 

FIG.  7  is  an  elevation  view  in  cross  section  taken 
along  the  line  in  the  direction  indicated  by  the  arrows 
7—7  in  FIG.  1. 

FIG.  8  is  a  fragmentary  side  elevation  view  in  cross 
section  through  a  portion  of  the  gun  shown  in  FIG.  1 
and  shows  details  of  the  drive  to  the  control  cam  and 
the  hydraulic  piston  and  hammer  assembly  for  loading 
projectiles. 

FIG.  9  is  a  fragmentary  side  elevation  view  in  cross 
section  taken  along  the  same  plane  as  FIG.  8  showing 
details  of  the  drive  to  the  main  cam. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

A  liquid  propellant  gun  module  constructed  in  accor¬ 
dance  with  one  embodiment  of  the  present  invention  is 
indicated  generally  by  reference  numeral  100  in  FIG.  1. 

The  liquid  propellant  modular  gun  100  is  a  hydrauli¬ 
cally  driven,  cam  synchronized  mechanism  that  Ares  a 
caseless,  liquid  monopropellant  round.  The  gun  module 
construction  provides  for  flexible,  modular  installation 
with  several  modules  grouped  to  use  a  single  feed  sys¬ 
tem.  The  gun  module  can  be  utilized  as  an  in-row 
grouping  or  as  clustering  in  a  circular  pattern. 
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Each  module  is  self-contained  and  is  independent  of 
all  others  when  used  in  a  multi-module  configuration, 
and  synchronization  between  modules  is  obtained  by 
gearing  each  module  to  a  common  projectile  feed  sys¬ 
tem.  In  the  multi-module  configuration  the  modules  are  3 
timed  so  that  they  fire  successively  and  at  equal  inter¬ 
vals,  thus  providing  integrated,  multi-barrel  operation. 
The  gun  of  the  present  invention  includes  a  misfire 
detection  feature  that  disables  one  module  in  case  of  a 
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misfire  while  permitting  the  remaining  modules  in  a 
banked  row  or  cluster  to  continue  to  fire. 

The  gun  module  100  includes  as  principal  compo¬ 
nents  a  barrel  43,  a  barrel  extension  26  and  a  drive  as¬ 
sembly  housing  16  which  supports  the  components  in 
the  drive  assembly. 

The  gun  module  100  also  includes  the  following  listed 
numbered  elements,  each  of  which  is  described  in 
greater  detail  in  the  text  following  the  listing. 


drawing 

GUN  MODULE 

DRAWING 

GUN  MODULE 

REFERENCE 

STRUCTURAL 

REFERENCE 

STRUCTURAL 

NUMERAL 

ELEMENT 

NUMERAL 

ELEMENT 

1. 

Hydraulic  system 

18. 

Timing  cam 

pressure  port 

bearing 

2. 

Transfer  piston 
valve  port 

19. 

Support 

3. 

Harmonic  drive 

20. 

Harmonic  drive 

output  pinion 

internal  gear 

4. 

Transfer  piston 

21. 

Main  cam  rear 
bearing 

5. 

Transfer  piston 
valve 

6. 

Main  cam 

22. 

Bolt  cam  follower 

7. 

Flexspline 

23. 

Flexspline 
output  gear 

8. 

Harmonic  drive 
elliptical  cam 
balls 

9. 

Bolt 

24. 

Main  cam 
forward  bearing 

10. 

Bolt  lock  piston 

11. 

Timing  cam 

25. 

Retainer  ring 

12. 

Bolt  lock  balls 

26. 

Barrel  extension 

13. 

Drive  chamber 
end 

27. 

Control  cam 

14. 

High  pressure 

28. 

Propellant  valve 

gas  inlet  port 

arc  cam 

IS. 

Retainer  ring 

29. 

Control  cam  pin 

16. 

Drive  assembly  housing 

30. 

Control  cam 
lock  ring 

17. 

Bolt  lock 
release  plunger 

31. 

Propellant  valve 

49. 

Drive  chamber 

disable  push  pin 

plug 

32. 

Propellant  valve 

50. 

Pin  cam 

sear  hook 

actuating  rod 

33. 

Propellant  valve 
sear  hook  cam 

51. 

Pin  cam 

34 

Propellant  valve  stem 

52. 

Torsion  bar  head 

35. 

Propellant  inlet 

53. 

Torsion  bar 

port 

pins 

36. 

Propellant  valve 
head 

54. 

Torsion  bar 

37.  . 

Blocking  slide 

55. 

Projectile 

sleeve 

sensor 

38. 

Vent  port 

56. 

Pin  cam 
locking  rod 

39. 

Blocking  slide 

40. 

Blocking  slide 

57. 

Projectile 

vent  port 

entry  port 

41. 

Gun  chamber 

58. 

Projectile 
sensor  1  'g 

42. 

Gun  chamber 
propellant 
inlet  port 

43. 

Barrel 

59. 

Vent  port 

44. 

Insulation 

60. 

Retainer  ring 

45. 

Bolt  locking 

61. 

Gas  pump  spring 

lug  relief 
groove 

retainer  plug 

46. 

Insulation 

62. 

Gas  pump  spring 

47. 

Projectile 

63. 

Gas  pump  override 

receiver  bore  in 
barrel  extension 

hydraulic  piston 

48. 

Projectile  drive 

64. 

Gas  pump  hydraulic 

gear  train  pinion 

fluid  chamber 

65. 

Rifled  barrel 

107. 

Guide  grooves 
for  the  bolt 

66. 

Gas  pump 

lugs  in  the 

hydraulic 

barrel 
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GUN  MODULE 

REFERENCE 

STRUCTURAL 

REFERENCE 

STRUCTURAL 

NUMERAL 

ELEMENT 

NUMERAL 

ELEMENT 

fluid  piston 

67. 

Retainer  ring 

108. 

Projectile  sensor 
torsion  bar  spring 

68. 

Gas  pump 
piston  stop 

109. 

Projectile  sensor 

69. 

Vent  port 

spring  arm 

70. 

Gas  pump 

110. 

Projectile 

piston  rod 

loading  piston 

71. 

Gas  pump 

112. 

Projectile 

piston 

loading  hammer 

72. 

Gas  pump 
piston 

sealing  rings 

114. 

Jackshaft 

73. 

Gas  pump 

116. 

Bolt  test 

rod  sealing 

position 

rings 

locking  means 

74. 

Gas  pump 

118. 

External  rotary 

high  pressure 

hydraulic 

gas  chamber 

drive  motor 

75. 

Disable  cam 

120. 

Overriding  clutch 

100. 

General  reference 
to  the  liquid 
propellant 
modular  gun 
module 

122. 

Gearing 

102. 

Bolt  locking 

124. 

Locking  lugs 

lugs  in 
barrel 

on  the  bolt 

104 

Bolt  lug 

126. 

Grooves  for 

locking  surfaces 

torsion  rod 

in  the  barrel 

pins 

106. 

Bolt  lug 

128. 

Precombustion 

slideways  for 
bolt  lugs  in 
the  barrel 

chamber 

extension 

130. 

Chamber 
breech  seal 

161. 

Conduit 

132. 

Rearward 

162. 

Sequence 

groove  for 
bolt  cam 
follower 

valve 

134. 

Forward 

164. 

Selector 

groove  for 
bolt  cam 

valve 

follower 

136. 

Driving  pinion 

166. 

Sequence 

for  control 

valve  spool 

cam 

137. 

Rear  rest 

168. 

Inlet  port 

groove  for 
bolt  cam 

follower 

170.  * 

Restrictor  check 

142. 

Control  valve 

171. 

Outlet  port 

for  projectile 
loader 

144. 

Gear  on 
control  cam 

172. 

Passageway 

146. 

Locking  taper 

174. 

Helical  rack 

148. 

Locking  taper 

176. 

Helical  gear  teeth 

150. 

Idler  gear 

151. 

Projectile 

180. 

Cantilever 

spring 

152. 

Shaft 

156 

Muzzle  switch 
actuator 

182. 

Chamber 

158. 

Gun  system 
accumulator 

184. 

Chamber 

160. 

Check  valve 

186. 

Groove 

190. 

Metalic  rings 

192. 

Gas  pump  fluid  passageway 

194. 

Gu  pump  fluid  nit  cavity 

196. 

Check  valve 

204 

Transfer  piston  bore 

206. 

Check  valve 
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The  barrel  43  provides  60  or  more  calibers  of  projec-  360*  annular  groove  137  into  which  the  grooves  132, 
tile  travel  and  includes  a  combustion  chamber  41,  a  134  blend.  At  the  forward  end  one  cam  groove  134 
propellant  fill  port  blocking  slide  39  with  its  hydraulic  expels  the  follower  22  into  a  cavity  in  the  drive  assem- 
spring,  an  optional  water  purge  valve  (not  illustrated,  bly  housing  16  and  the  other  groove  132  accepts  the 
but  basically  like  the  purge  valve  illustrated  in  FIGS.  S  follower  22  when  the  follower  22  is  forced  into  the 
26,  27  and  28  of  the  above  referred  to  pending  U.S.  Pat.  groove  132  by  a  ramp  on  the  control  cam  for  retraction 
application  Ser.  No.  616,822),  breech  closure  locking  of  the  bolt. 

lugs  102  having  bolt  locking  surfaces  104,  and  a  gas  inlet  In  one  particular  embodiment  of  the  present  inven- 
port  14  near  the  muzzle  communicating  with  a  sensing  tion  the  cam  6  is  initially  driven  constantly  by  the  hy- 
piston  71.  10  draulic  motor  118  through  the  gear  train  at  3  times  gun 

The  barrel  43  is  attached  to  the  barrel  extension  26  by  firing  rate,  i.e.  when  the  gun  is  firing  at  1000  rounds  per 
means  of  three,  close  fitting,  self-locking  pins  (not  illus-  minute,  the  main  cam  is  rotating  initially  at  3000  rpm. 
trated)  which  provide  a  quick  disconnect  means  to  This  speed  provides  approximately  an  11  millisecond 
remove  the  barrel  and  to  thermally  isolate  the  barrel  bolt  extension  time,  22  millisecond  forward  dwell,  14 
from  the  remainder  of  the  gun  by  providing  either  an  air  15  millisecond  bolt  retraction  time  after  firing,  and  a  13 
gap  between  the  barrel  and  the  barrel  extension  or  insu-  millisecond  rear  dwell  time  for  projectile  loading  while 
lation  44  and  46.  the  gun  is  firing. 

Since  the  locking  lugs  are  a  part  of  the  barrel  43,  The  cam  6  provides  a  three-fold  purpose  in  the  opera- 
breech  loads  caused  by  combustion  chamber  pressure  tion  of  the  gun. 

are  absorbed  by  the  barrel  43  and  are  not  transmitted  to  20  First,  since  the  bolt  is  driven  forward  by  hydraulic 
the  rest  of  the  mechanism.  This  permits  a  lightweight  pressure  in  the  drive  assembly  housing,  the  cam  pro¬ 
structure  for  the  remaining  parts  of  the  gun  since  the  vides  no  power  during  the  first  half  of  the  stroke.  Then 
remaining  parts  must  only  support  their  own  dynamic  during  the  last  half  of  the  forward  stroke,  the  cam  decel- 
and  fluid  pressure  loads.  erates  the  bolt  to  near  zero  velocity  (as  will  be  described 

The  baiTel  extension  26  contains  slideways  106  for  25  in  greater  detail  below)  and  converts  the  energy  ab- 
the  bolt  9,  the  propellant  filling  valve  36,  the  projectile  sorbed  by  the  bolt  into  rotational  energy  stored  in  the 
presence  sensor  55  with  its  torsion  bar  spring  108  and  cam  and  other  rotating  gun  mechanisms, 
arm  109,  and  the  projectile  loading  means  110  and  112.  Second,  during  the  return  stroke  this  energy  is  re¬ 
in  addition,  the  barrel  extension  26  provides  a  housing  turned  to  the  bolt  (less  losses).  If  there  were  no  losses, 
for  a  control  cam  27,  a  disable  cam  mechanism  75,  and  30  the  bolt  would  be  returned  to  its  starting  position  and  all 
a  support  for  the  projectile  feed  mechanism  which  in-  the  energy  expended  by  the  hydraulic  system  would  be 

eludes  a  projectile  feed  belt  (not  illustrated,  but  basi-  recovered.  Since  there  are  losses,  the  losses  are  made  up 

cally  like  that  shown  in  FIGS.  2,  5,  and  31  through  39  by  the  external  power  source  (gas  operated  piston  66)  as 

of  the  above  noted  pending  patent  application  Ser.  No.  will  also  be  described  in  greater  detail  below. 

616.822).  35  The  third  function  of  the  main  cam  6  is  to  synchro- 

Drive  assembly  housing  16  contains  all  the  mecha-  nize  the  bolt  operation  with  the  other  mechanisms  of 
nisms  for  driving  the  gun.  These  include  a  main  cam  6,  the  gun. 

the  gearing  3,  23,  7  and  8  for  driving  the  projectile  feed  The  control  cam  27  revolves  about  the  bolt  9  just 
system,  the  transfer  mechanism,  including  a  transfer  forward  of  the  main  cam  6  and  is  driven  by  a  gear  136 

piston  4  for  supplying  hydraulic  pressure  to  drive  the  40  on  the  jackshaft  114  at  an  average  speed  equal  to  the 
bolt  9  forward,  the  jackshaft  114  for  driving  the  main  gun  firing  rate.  Thus,  the  control  cam  27  operates  at  a 
cam  6  and  the  control  cam  27,  the  bolt  rest  position  submultiple  of  the  speed  of  the  main  cam  6  and  rotates 
locking  means  116,  the  torsion  bar  bolt  lock  54,  an  op-  in  the  opposite  direction.  A  small  ramp  on  the  rear  face 

tional  triggering  solenoid  (not  illustrated)  and  a  syn-  of  the  control  cam  27  engages  the  bolt  cam  follower  22 

chronization  cam  11.  The  drive  assembly  in  addition  45  at  the  proper  time  to  urge  the  cam  follower  22  into  the 
provides  support  for  an  external  hydraulic  motor  118  return  path  132  of  the  main  cam  6. 

and  an  overriding  clutch  120  and  gearing  122.  A  pin  29  projects  radially  from  the  control  cam  27 

In  one  specific  embodiment  of  the  present  invention  and  serves  several  purposes.  The  pin  29  locks  the  pro- 
the  bolt  9,  whicn  is  basically  cylindrical  in  shape,  has  pellant  valve  36  in  its  open  position  for  the  time  re- 
sixteen  locking  lugs  124  projecting  radially  near  the  50  quired  to  fill  the  combustion  chamber  41  with  propel- 
forward  end  of  the  bolt  and  a  cam  follower  pin  22  pro-  lant.  The  pin  29  engages  the  disable  cam  75  in  the  event 
jecting  radially  near  the  back  end  of  the  bolt.  Internally,  a  misfire  occurs  and  the  cam  75  is  not  retracted  by  the 
the  bolt  contains  a  pair  of  grooves  «26  engaging  torque  piston  rod  70.  The  pin  29  operates  the  valve  142  con- 

pins  53  which  provide  the  torque  required  to  lock  the  trolling  the  hydraulic  mechanism  110  driving  the  pro¬ 

bolt  into  the  barrel  when  the  bolt  reaches  its  forward  55  jectile  loading  hammer  112. 

position.  If  a  misfire  occurs,  the  pin  29  engages  the  misfire  cam 

The  bolt  nose  contains  a  spark  igniter  (not  illus-  75  and  pulls  the  control  cam  27  forward.  This  disen- 
trated),  a  precombustion  chamber  128,  and  a  chamber  gages  the  gear  144  on  the  control  cam  27  from  the  jack- 
breech  seal  130.  shaft  pinion  136  and  stops  the  rotation  of  the  control 

A  ball  latch  mechanism  12  is  incorporated  in  the  rear  60  cam.  The  inertia  of  the  control  cam  forces  a  locking 
end  of  the  bolt  to  lock  the  bolt  to  the  housing  during  the  taper  146  on  the  exterior  surface  of  the  control  cam  into 
rest  period.  engagement  w-  0  a  matching  taper  148  in  a  lock  ring  30 

The  main  cam  6  is  an  internal  cylindrical  type  with  attached  to  the  barrel  extension.  This  locks  the  control 
two  grooves  132  and  134  which  trace  bi-directional  cam  27  in  its  full  forward  position.  The  forward  motion 
spiral  paths  similar  to  a  Yankee  screwdriver.  The  main  65  of  the  control  cam  27  can  also  be  used  to  open  an  op- 
cam  6  permits  the  cam  follower  22  to  rest  at  each  end  of  tional  water  purge  valve  (not  illustrated)  and  to  force 
its  travels  until  urged  back  into  the  grooves  132, 134  by  the  propellant  loading  valve  36  forward  far  enough  to 
external  means.  The  rear  end  of  the  cam  6  has  a  simple  provide  an  exit  passageway  for  the  propellant  and  water 
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into  the  gun  chamber  in  the  manner  illustrated  and 
described  in  FIGS.  26,  27  and  28  of  the  above  referred 
to  pending  patent  application  Ser.  No.  616,822. 

The  gun  module  100,  in  a  specific  embodiment  of  the 
present  invention,  is  triggered  by  an  electrical  signal  to  5 
a  solenoid  (not  illustrated  in  the  drawings)  connected  to 
a  lock  plunger  17. 

Since  the  main  cam  6  operates  at  a  multiple  of  gun 
speed,  a  locking  or  timing  cam  11  operating  at  gun 
speed  is  used  to  prevent  the  lock  plunger  17  from  re-  10 
trading  until  the  main  cam  6  is  in  the  proper  position 
with  respect  to  the  control  cam  27  position.  Retraction 
of  the  lock  plunger  17  allows  the  ball  latch  12  to  release 
the  bolt  19,  and  hydraulic  pressure  on  the  bolt  diameter 
forces  the  bolt  forward.  15 

The  drive  mechanism  16  utilizes  the  hydraulic  motor 
118  to  drive  all  the  rotary  motions  in  the  gun  module 
100. 

The  motor  118  drives  through  an  overriding  clutch 
120  and  a  small  gear  box  122  directly  into  the  jackshaft  20 
114.  The  jackshaft  114,  operating  at  a  multiple  of  gun 
speed,  in  turn  is  geared  to  the  main  cam  6  through  an 
idler  gear  150  and  drives  the  control  cam  27  at  its  for¬ 
ward  end  directly  at  gun  speed.  In  addition,  the  locking 
or  timing  cam  11  is  operated  by  the  jackshaft  114  25 
through  the  same  reduction  as  the  reduction  to  the 
control  cam  27. 

As  indicated  above,  the  average  speed  of  the  main 
cam  throughout  a  cycle  is  a  given  rpm,  such  as,  for 
example,  3000  rpm.  However,  in  order  to  store  the  30 
energy  transferred  from  the  bolt  9  during  the  decelera¬ 
tion  of  the  bolt,  the  main  cam  6  speeds  up.  In  order  to 
prevent  the  hydraulic  motor  118  from  dissipating  this 
energy  as  heat  in  its  constant  speed  hydraulic  control, 
an  overriding  clutch  120  is  used.  Thus,  the  only  time  35 
power  is  being  absorbed  from  the  hydraulic  motor  118 
is  when  the  main  cam  6  slows  down  during  the  return 
stroke  of  the  bolt  to  less  than  its  initial  speed  of  3000 
rpm.  The  peak  power  required  from  the  hydraulic 
motor  is  only  required  for  a  few  milliseconds  during  40 
bolt  retraction  in  a  gun  cycle.  At  all  other  times  during 
the  cycle  the  motor  operates  at  considerably  less  than 
th  peak  power  to  overcome  friction  and  windage 
losses  in  the  rotating  members. 

The  projectiles  151  are  rotating  about  the  gun  module  45 
100  and  are  held  in  a  circular  chain  or  belt  containing 
the  projectile  containers.  To  drive  this  system  a  har¬ 
monic  gear  train  is  used.  The  exterior  surface  oi  the 
main  cam  6  provides  a  cammed  surface  for  driving  a 
flexible  inner  gear  (called  the  flexspline  7)  of  the  har-  50 
monic  drive  gear  train  through  a  ball  drive  8.  The  mat¬ 
ing  internal  gear  23  is  located  in  the  drive  assembly 
housing  16.  A  take  off  pinion  3  on  shaft  152  engages  the 
output  gear  23  of  the  flexspline  and  drives  the  projectile 
retainer  mechanism  (not  illustrated)  through  projectile  55 
drive  gear  train  pinion  48. 

The  projectile  feed  system  in  each  gun  module  100 
comprises  a  hammer  112  which  forces  the  projectile  151 
out  of  the  conveyor  and  into  the  barrel  extension  26 
through  a  slot  57.  The  hammer  112  is  controlled  by  a  60 
piston  110  in  a  cylinder  contained  in  a  barrel  extension 
26.  The  cylinder  is  designed  to  apply  system  hydraulic 
pressure  to  the  rod  side  of  the  piston  110  at  all  times, 
thus  providing  the  retraction  force  required  when  the 
head  side  is  connected  to  return.  When  it  is  desired  to  65 
force  a  projectile  151  into  the  module,  the  spool  of  a 
three-way  valve  142  is  moved  to  admit  fluid  pressure  to 
the  head  side  of  the  piston  110.  The  areas  of  the  two 
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sides  are  arranged  to  provide  the  extension  force  re¬ 
quired.  The  valve  spool  142  in  turn  is  controlled  by  the 
cam  pin  29  in  the  control  cam  27  which  moves  the  valve 
spool  at  the  proper  time  in  the  firing  cycle. 

FIG.  3  is  a  schematic  of  the  external  hydraulic  system 
used  to  supply  hydraulic  power  to  each  gun  module 
100. 

The  muzzle  switch  actuator  156  used  to  replenish  the 
hydraulic  power  required  to  drive  the  bolt  9  and  the 
transfer  piston  4  used  to  pressurize  the  gun  module  100 
are  shown  schematically  in  FIG.  3  although  both  these 
mechanisms  are  physically  located  in  the  gun  module 
100. 

System  hydraulic  pressure  is  supplied  to  the  gun  sys¬ 
tem  accumulator  158  through  a  check  valve  160  and 
from  the  accumulator  158  through  a  conduit  161  to  the 
inlet  of  a  sequence  valve  162  and  an  electrically  oper¬ 
ated  selector  valve  164.  When  system  pressure  is  ap¬ 
plied  to  the  gun  system  all  of  these  valves  are  pressur¬ 
ized  as  well  as  the  hydraulic  motor  118  which  drives  the 
rotating  members  in  the  gun  module  100  at  a  constant 
speed  (subject  to  accelerating  forces  supplies  by  for¬ 
ward  movements  of  the  bolt  9  as  described  above).  In 
addition,  pressurization  of  the  selector  valve  164  forces 
the  spool  166  of  the  sequence  valve  162  to  the  right 
closing  the  inlet  port  168  and.  thus  blocking  system 
pressure  from  the  gun  transfer  piston  4  and  the  hydrau¬ 
lic  fluid  chamber  64  of  the  muzzle  switch  actuator  156. 
The  pressure  in  these  chambers  is  reduced  to  return 
system  pressure  since  they  are  always  connected  to 
return  through  a  restrictor  check  170. 

In  operation,  and  referring  to  FIGS.  1  and  3.  when 
the  gun  module  100  is  placed  in  the  “ready"  condition, 
the  hydraulic  motor  118  is  running  and  driving  the  main 
cam  6  and  the  control  cam  27  and  the  timing  cam  11  at 
their  initial  speeds  (3000  rpm  and  600  rpm  respectively 
in  one  specific  embodiment  of  the  present  invention), 
and  the  hydraulic  motor  118  is  also  rotating  the  projec¬ 
tile  feed  system  around  the  gun  module  and  is  driving 
the  projectile  supply  system  (both  not  illustrated) 
through  the  harmonic  drive  gearing. 

The  transfer  piston  4  is  at  the  left  (as  viewed  in  FIGS. 

1  and  3)  end  of  its  travel,  the  bolt  9  is  locked  in  the  fully 
retracted  position  shown,  the  muzzle  switch  piston  66  is 
at  the  right  end  of  its  travel,  and  the  chamber  64  is  filled 
with  hydraulic  fluid.  The  sequence  valve  slide  166  is  at 
the  right  (as  viewed  in  FIG.  3)  end  of  its  travel  and  has 
closed  off  system  hydraulic  pressure  to  the  gun  module 
100  as  described  above;  and  the  accumulator  158  is 
pressurized  to  system  pressure. 

When  the  firing  trigger  switch  and  a  second  switch 
(not  illustrated)  on  the  timing  cam  11  are  closed,  the 
selector  valve  164  on  the  sequence  valve  162  moves  the 
sequence  valve  stide  166  to  the  left  (as  viewed  in  FIG. 
3)  to  open  the  passageway  from  the  inlet  port  168  to  the 
outlet  port  171  connected  to  the  hydraulic  inlet  port  1  of 
the  gun. 

The  hydraulic  pressure  inlet  port  1  is  now  pressur¬ 
ized,  and  this  pressurizes  the  interior  of  the  drive  hous¬ 
ing  16  by  means  of  the  hydraulic  pressure  applied  to 
transfer  piston  4.  This  tends  to  move  the  transfer  piston 
4  to  the  right  (as  viewed  in  FIG.  1),  and  the  pressure  is 
transmitted  within  the  barrel  extension  26  as  far  as  the 
plug  49. 

Pressurization  of  the  drive  housing  16  produces  a 
load  on  the  lock  plunger  17  tending  to  force  the  lock 
plungei  17  to  the  right  against  a  spring  (not  shown). 
The  lock  plunger  17  is  prevented  from  moving  by  the 
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timLtg  cam  11  until  the  control  cam  27  is  in  the  proper 
angular  position  for  the  bolt  to  start  its  forward  motion. 
When  the  lock  plunger  does  move  to  the  right,  the  lock 
piston  moves  to  the  right  to  let  the  balls  12  drop  into  the 
groove  116,  and  this  releases  the  ball  lock  on  the  bolt  so 
that  the  bolt  can  be  moved  forward  by  the  hydraulic 
pressure. 

The  pressurization  of  the  drive  housing  16  provides  a 
force  on  the  bolt  9  tending  to  force  the  bolt  to  the  left, 
but  it  is  prevented  from  moving  by  the  ball  lock  mecha¬ 
nism  which  locks  the  bolt  to  the  support  19.  As  noted 
above,  the  lock  piston  10  is  held  at  the  left  end  of  its 
stroke  bv  the  plunger  17  against  the  load  of  a  spring.  A 
series  of  balls  12  located  in  radial  holes  in  the  bolt  9 
surround  the  lock  piston  and  are  held  outward  far 
enough  to  project  from  the  outside  diameter  of  the  bolt. 
These  lock  the  bolt  to  the  support  19.  As  soon  as  the 
timing  cam  11  releases  the  plunger  17,  the  plunger 
moves  to  the  right  and  the  locking  piston  follows.  The 
locking  balls  12  drop  into  the  groove  116  in  the  piston 
and  now  are  below  the  outside  diameter  suface  of  the 
bolt  9.  This  frees  the  bolt  from  the  support. 

Hydraulic  pressure  now  forces  the  bolt  to  the  left, 
and  the  bolt  follower  22  is  forced  into  the  forward  cam 
groove  134  of  the  main  cam  6. 

Hydraulic  fluid  now  flows  into  the  hydraulic  pressure 
inlet  port  1  and  into  the  chamber  on  the  rod  side  of  the 
transfer  piston  4.  The  transfer  piston  now  moves  to  the 
right  forcing  the  fluid  out  of  the  chamber  on  its  head 
side,  through  the  passageway  172  shown  in  the  end  cap 
13  into  the  drive  housing  16. 

The  displacement  of  the  transfer  piston  4  is  equal  to 
that  of  the  bolt  plus  any  leakage  of  fluid  from  the  hous¬ 
ing  16. 

Makeup  of  any  fluid  losses  is  done  with  the  valve  5.  If 
leakage  has  occurred,  the  piston  4  will  be  displaced 
farther  than  normal.  Toward  the  end  of  its  stroke  the 
stem  of  the  valve  5  will  contact  the  closure  13  and 
further  motion  of  the  piston  <*  will  open  the  valve  5. 
Hydraulic  fluid  can  now  flow  from  the  port  1  through 
the  valve  port  2  into  the  bore  on  the  head  side  of  the 
piston  4.  The  piston  4  is  now  forced  to  the  left  until  the 
valve  closes  and  shuts  off  the  flow. 

As  the  bolt  9  accelerates  to  the  left  (as  viewed  in  FIG. 
1),  the  angle  of  the  cam  forward  groove  134  is  kept  at 
such  a  value  that  no  contact  with  the  bolt  cam  follower 
22  is  made.  The  main  cam  6  continues  to  rotate  at  its 
initial  angular  velocity  of  3000  rpm.  At  approximately 
3.7  inches  of  the  bolt's  total  travel  of  7.3  inches  (in  one 
specific  embodiment  of  the  present  invention)  sufficient 
kinetic  energy  has  been  transferred  from  the  hydraulic 
system  to  the  bolt  9  to  overcome  the  losses  during  the 
remainder  of  the  cycle.  The  angular  inclination  of  the 
cam  groove  134  is  now  steepened.  This  applies  a  retard¬ 
ing  force  on  the  cam  follower  22  and  the  bolt  which 
slows  the  bolt  to  near  zero  velocity  just  before  bolt 
locking  occurs.  The  kinetic  energy  transferred  from  the 
bolt  to  the  main  cam  6  now  increases  the  angular  veloc¬ 
ity  of  the  main  cam  and  the  angular  velocity  of  all  other 
rotating  members  geared  to  the  main  cam  6  The  hy¬ 
draulic  motor  118  continues  to  operate  at  its  initial 
speed  since  the  overriding  clutch  120  in  scries  with  the 
drive  permits  the  driven  members  to  overspeed. 

The  locking  lugs  124  at  the  head  end  of  the  bolt  are 
located  in  mating  grooves  106  in  the  barrel  extension  26. 
These  grooves  are  also  shown  in  FIG.  5. 

*  Just  before  the  bolt  9  started  its  forward  motion  a 
projectile  151  was  forced  from  the  feed  belt  through  the 
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passageway  57  into  the  receiver  bore  47.  The  entry  of 
the  projectile  151  forces  the  projectile  sensor  55  upward 
when  the  projectile  151  strikes  the  lug  58. 

As  the  bolt  starts  its  forward  stroke  the  pin  cam  lock- 
5  ing  rod  56  can  now  follow  under  the  influence  of  the 
hydraulic  pressure  in  the  housing  16  since  it  is  no  longer 
locked  in  place  by  projectile  sensor  55.  In  addition  pin 
cam  actuating  rod  50  which  was  held  in  its  rearward 
position  by  the  bolt  locking  lug  can  now  move  forward 
10  under  the  same  hydraulic  pressure  load.  This  movement 
forces  pin  cam  51  forward  until  pin  50  strikes  its  stop. 
The  forward  motion  of  pin  cam  51  extends  control  cam 
pin  29  at  the  proper  time  so  that  it  may  perform  its 
functions  listed  above 

IS  The  projectile  sensor  has  a  helical  rack  174  on  one 
side  which  engages  helical  gear  teeth  176  on  the  cam  33. 
Upward  motion  of  the  projectile  sensor  causes  rotation 
of  the  cam  33  and  forces  sear  hook  32  into  the  pathway 
of  a  locking  lug  124  on  the  bolt  9.  Thus,  the  sear  hook 
20  32  is  forced  to  the  left  (as  viewed  in  FIG.  1)  when  the 
lug  124  strikes  the  sear  hook  32.  The  sear  hook,  in  turn, 
is  attached  to  the  propellant  valve  stem  34  and  forces 
the  propellant  valve  36  to  the  left  when  the  lug  124 
strikes  the  sear  hook  32.  Leftward  movement  of  propel- 
25  lant  valve  stem  34  and  propellant  valve  36  opens  a  pas¬ 
sageway  from  the  propellant  inlet  port  35  to  combustion 
chamber  inlet  port  42. 

When  the  bolt  9  returns,  the  projectile  sensor  55  is 
forced  downward  by  torsion  bar  spring  108  through 
30  arm  109  onto  the  rod  56  after  the  bolt  9  passes  the  pro¬ 
jectile  sensor  55.  The  locking  lug  124  on  the  bolt 
contacts  the  pin  50  near  the  end  of  ;ts  stroke  forcing  the 
pin  50  and  the  pin  cam  51  and  the  rod  56  to  the  right  (»s 
viewed  in  FIG.  1)  returning  them  to  -heir  original  pos. 
35  tions.  When  the  rod  56  is  fully  re:*  c‘ed,  the  projectile 
sensor  55  drops  to  its  i.iitw,.1  posit; vn  is  :Must rated  in 
FIG.  5  and  locks  rod  56  at  fh  s  pir.  c&e  5*  in  their 
original  positions. 

Since  a  pin  29  is  located  a.  the  control  cam  27,  the  pin 
40  29  is  rotating  about  the  bolt  9  and  can  be  extended 
radially  at  the  proper  time  by  the  cam  surface  on  the  pin 
cam  51  which  is  not  rotating.  Thus,  the  functions  of  the 
pin  29  and  the  module  disable  and  propellant  valve 
timing  operation  are  controlled  by  the  motion  of  the  pin 
45  cam  51.  The  pin  29  is  held  radially  inward  against  the 
pin  cam  51  by  a  cantilever  spring  180  shown  as  a  round 
cross  section  through  the  pin  29  in  FIG.  1. 

As  indicated  above,  the  bolt  9  forces  the  propellant 
valve  36  to  the  left  when  a  locking  lug  124  strikes  the 
50  sear  hook  32. 

As  the  projectile  151  which  forced  the  sensor  55 
upward  moves  out  from  under  the  lug  58,  the  lug  passes 
onto  the  surface  of  the  bolt,  and  this  holds  the  sensor  55 
in  the  retracted  position.  The  sear  hook  32  therefore 
55  remains  in  the  position  required  to  engage  the  bolt  9.  As 
the  propellant  valve  36  moves  toward  the  left,  it  also 
forces  the  blocking  slide  39  to  the  left.  This  forces  hy¬ 
draulic  fluid  in  the  chamber  182  to  the  left  of  the  block¬ 
ing  slide  into  a  hydraulic  spring  chamber  in  the  gun 
60  barrel  43  and  provides  a  high  return  force  required  to 
close  the  propellant  valve  36  at  the  end  of  the  propellant 
filling  portion  of  the  cycle. 

During  its  entire  stroke  to  the  left,  the  bolt  9  has  a 
high  torque  applied  in  a  clockwise  sense  when  viewed 
65  from  the  right  end  of  the  gun  module  100  in  F'G.  1. 
This  torque  is  provided  by  the  torsion  „ar  54  through 
two  torque  pins  53  which  ride  in  the  grooves  126  cut  in 
the  inside  diameter  of  the  bolt.  These  pins,  in  turn,  are 
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guided  in  the  bore  and  retained  by  the  torque  head  52. 
When  the  bolt  reaches  the  end  of  its  stroke,  the  locking 
lugs  124  on  the  bolt  are  forced  out  of  the  guide  grooves 
107  in  the  barrel  43,  which  grooves  match  the  grooves 
104  in  the  barrel  extension  26,  and  the  locking  lugs  124 
pass  into  a  relief  groove  45  in  the  barrel  43. 

At  the  same  time  the  cam  follower  22  in  the  bolt  is 
expelled  from  the  forward  groove  134  in  the  main  cam 
6  and  exits  into  a  groove  186  in  the  housing  16. 

The  bolt  9  is  now  free  to  rotate  in  a  clockwise  direc¬ 
tion  (as  viewed  from  the  right  end  of  the  gun  module 
100  in  FIG.  1)  under  the  influence  of  the  torsion  bar  54. 
The  groove  186  in  the  housing  16  is  limited  in  length 
and  stops  the  bolt  rotation  at  11.25'  in  one  specific  em¬ 
bodiment  of  the  present  invention.  The  locking  lugs  124 
on  the  bolt  are  now  behind  the  locking  lugs  102  in  the 
barrel  43,  and  the  bolt  is  prevented  from  being  forced  to 
the  right  (backward  as  viewed  in  FIG.  1  by  the  gas 
pressure  which  is  generated  in  the  barrel  43  when  firing 
occurs. 

As  the  bolt  9  and  the  propellant  valve  36  reach  their 
forward  position,  the  pin  29  is  forced  outward  by  the 
pin  cam  51.  and  the  pin  29  passes  behind  an  arc  cam  28 
which  is  attached  to  the  propellant  valve  shaft  34. 

The  propellant  valve  36,  which  is  no  longer  retained 
by  the  sear  hook  32  after  the  bolt  has  been  rotated  to 
lock,  is  now  prevented  from  closing  under  the  influence 
of  the  hydraulic  spring  force  acting  on  the  blocking 
slide  39.  The  pin  29  holds  the  valve  36  open  for  that 
portion  of  the  cycle  required  for  propellant  filling.  The 
projectile  151  which  has  been  positioned  to  the  left  of 
the  port  42  by  the  bolt  9  is  now  forced  further  to  the  left 
in  the  gun  chamber  41  by  the  propellant  entering  the 
combustion  chamber  through  the  ports  35  and  42.  Pro¬ 
pellant  flows  through  the  port  35,  past  the  iropellant 
valve  36,  into  the  gun  chamber  41  through  the  port  42. 

When  the  projectile  151  reaches  the  forcing  cone  (not 
illustrated)  in  the  gun  barrel,  it  stops  and  the  propellant 
flow  stops. 

At  this  time  the  pin  29  in  the  control  cam  27  has 
passed  from  behind  the  arc  cam  28;  and  the  propellant 
valve  36  and  the  blocking  slide  39  move  to  the  right  and 
close  the  port  42. 

The  gun  chamber  is  now  sealed  by  the  bolt  and  the 
blocking  slide  by  high  pressure  seals  on  these  members. 
The  blocking  slide  moves  in  the  sleeve  37  which  retains 
the  sealing  members  in  a  mating  bore  in  the  barrel.  The 
high  pressure  gas  in  the  chamber  41,  after  firing,  forces 
elastomeric  seals  at  the  ends  of  the  sleeve  37  outward 
against  a  pair  of  metallic  rings  190.  These  rings  190  have 
matching  45*  taper  surfaces  at  their  interface,  and  thus 
one  ring  is  forced  outward  and  the  other  inward  under 
the  influence  of  the  gas  pressure.  The  rings  being  forced 
inward  seal  the  outside  diameter  of  the  blocking  slide 
while  those  being  forced  outward  seal  the  bore  for  the 
sleeve  in  the  barrel.  Should  the  seals  on  the  right  end  of 
the  sleeve  leak,  the  space  between  the  propellant  valve 
head  36  and  the  blocking  slide  39  will  become  pressur¬ 
ized.  Since  the  propellant  valve  is  prevented  from  mov¬ 
ing  to  the  right  by  a  shoulder  on  the  valve  head  which 
mates  with  a  counterbore  in  the  barrel  extension  26,  the 
blocking  slide  39,  in  the  event  of  leakage  of  gas,  is 
forced  to  the  left  against  the  hydraulic  spring  pressure, 
and  the  blocking  slide  opens  a  vent  port  40  to  the  space 
between  the  two  members  which  was  sealed  by  the 
conical  seal  on  the  propellant  head.  This  movement 
allows  leakage  gas  to  escape  without  building  up  high 
gas  pressure  on  the  propellant  valve  head  36.  A  leak 
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through  the  seal  at  the  left  end  of  the  sleeve  passes  out 
through  the  vent  port  38. 

Isolation  of  the  main  propellant  supply  from  the  fir¬ 
ing  chamber  41  in  the  gun  is  accomplished  by  the  mech¬ 
anism  described  above.  As  the  valve  36  moves  to  the 
right  to  close,  the  valve  36  forces  the  propellant  behind 
the  valve  head  back  into  the  barrel  extension  26.  The 
barrel  extension  26  is  thermally  isolated  from  the  gun 
barrel  43  by  insulation  44  and  46  between  the  members. 

The  locking  lugs  102  on  the  barrel  43  are  located  in  a 
cylindrical  extension  of  the  barrel,  and  this  extension  fits 
into  a  mating  counterbore  in  the  barrel  extension  26  as 
illustrated.  A  small  air  gap  (not  shown  in  the  drawings) 
is  maintained  between  these  members  at  this  point  and 
serves  as  insulation.  The  only  direct  connection  be¬ 
tween  the  two  members  is  through  three  close  fitting 
pins  (as  described  above)  which  lock  the  members  to¬ 
gether. 

Ignition  of  the  liquid  propellant  charge  is  accom¬ 
plished  by  electric  spark  ignition  in  the  precombustion 
chamber  128  located  in  the  bolt  head.  This  ignites  the 
propellant  in  the  gun  chamber  41,  and  the  pressure  in 
the  gun  chamber  41  forces  the  projectile  151  past  the 
forcing  cone  and  through  the  barrel  43. 

After  burning  has  been  completed,  further  travel  of 
the  projectile  expands  the  gases,  in  the  gun  chamber  41 
and  the  pressure  decreases.  When  the  pressure  has  been 
decreased  to  approximately  20,000  psi  (in  one  specific 
embodiment  of  the  present  invention)  a  port  14  (See 
FIG.  4.)  is  passed  by  the  projectile  151  and  opens  the 
chamber  74  in  the  muzzle  switch  to  the  right  of  the 
piston  71  to  the  pressure  in  the  gun  barrel  43.  The  pres¬ 
sure  is  prevented  from  escaping  past  the  piston  rod  70 
and  piston  head  71  by  high  pressure  seals  73  and  72 
respectively.  The  force  generated  by  the  gas  pressure 
forces  the  piston  71  to  the  left  (as  viewed  in  FIG.  4),  and 
the  piston  66  in  the  chamber  64  which  is  filled  with 
hydraulic  fluid  is  also  forced  to  the  left. 

This  motion  of  the  pistons  71  and  66  forces  the  fluid 
in  the  chamber  64  through  the  passageway  192  in  the 
rod  70  and  forces  piston  63  to  the  left  until  stopped  by 
plug  61.  The  high  pressure  fluid  passes  from  this  pas¬ 
sageway  192  through  a  cavity  194  in  the  barrel  exten¬ 
sion  (See  FIG.  3.)  where  the  fluid  exits  the  gun  module 
100. 

The  fluid  closes  the  restrictor  check  valve  170  and 
passes  through  a  second  check  valve  196  in  the  free¬ 
flow  direction  into  the  gun  system  accumulator  158. 
The  pressure  also  drives  the  sequence  valve  spool  166  to 
the  right,  if  the  selector  valve  164  (which  was  reversed 
during  the  propellant  fill  portion  of  the  cycle  by  a 
switch  on  the  timing  cam)  has  not  completed  the  shutoff 
stroke  of  the  sequence  valve  spool  166. 

The  movement  of  the  sequence  valve  spool  166  shuts 
off  the  pressure  port  168  from  the  gun  port  1. 

The  gas  piston  71  moves  to  the  left  until  it  strikes  the 
stop  68  retained  by  the  ring  67. 

Any  gas  pressure  escaping  past  the  seal  rings  72  is 
vented  through  the  port  69. 

When  the  piston  71  bottoms,  the  hydraulic  pressure  in 
passageway  192  and  chamber  64  decays  to  return  pres¬ 
sure  since  the  passageway  in  the  rod  70  is  connected  to 
the  return  system  through  a  small  orifice  in  the  now 
closed  restrictor  check  170.  The  decay  in  pressure  al¬ 
lows  the  restrictor  check  170  to  open  which  increases 
the  size  of  the  orifice.  The  piston  63  can  now  move  to 
the  right  under  the  influence  of  the  spring  62  forcing  its 
displaced  oil  out  the  restrictor  check  170. 
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The  gun  incorporates  a  mechanism  which  disables 
the  gun  module  100  in  case  a  misfire  occurs.  See  FIG.  6. 
This  is  accomplished  by  placing  a  cammed  surface  75  in 
the  path  of  the  pin  29  in  the  control  cam  27.  If  the  gun 
fires,  this  cam  75  is  retracted  out  of  the  path  of  the  pin  S 
29  by  the  piston  71  through  the  rod  70.  The  rod  70 
extends  into  the  cavity  occupied  by  the  control  cam  27 
and  has  the  disable  cam  surface  75  attached  to  its  end. 

If  the  gun  misfires  and  the  cammed  surface  75  is  not 
retracted,  the  pin  29  strikes  the  surface  75  forcing  the  10 
pin  29  and  the  control  27  to  the  left,  as  viewed  in  FIG. 

1.  This  motion  disengages  the  gear  on  the  control  cam 
27  from  the  driving  pinion  136  on  the  jackshaft  114  and 
stops  the  rotation  of  the  control  27. 

The  inertia  of  the  control  cam  27  carries  the  control  15 
cam  to  the  left,  as  viewed  in  FIG.  1,  until  the  taper  146 
on  the  cam  nose  locks  into  the  mating  taper  148  of  the 
lock  ring  30  which  now  prevents  any  further  motion  of 
the  control  cam  27. 

The  bolt  9  which  normally  would  be  unlocked  by  the  20 
rotation  of  control  cam  27  remains  locked. 

The  leftward  motion  of  the  control  cam  27  also  forces 
the  pin  31  to  the  left  which,  in  turn,  forces  the  propel¬ 
lant  valve  36  to  the  left  far  enough  to  connect  the  port 

42  to  the  intersection  between  the  valve  head  36  and  the  25 
blocking  slide  39.  In  this  event  a  water  valve  (not)  illus¬ 
trated)  is  also  opened  by  the  motion  of  the  control  cam 
21  to  admit  high  pressure  water  to  the  gun  chamber  41 

at  the  base  of  the  projectile  151.  The  water  then  forces 
the  liquid  propellant  and  water  out  the  vent  port  38.  30 

Assuming  that  a  normal  firing  takes  place  and  the  gun 
module  100  is  not  disabled,  the  bolt  9  is  unlocked  by  the 
rotation  of  the  control  cam  27.  A  ramp  on  the  control 
cam  27  engages  the  bolt  cam  follower  pin  22  and  rotates 
the  bolt  cam  follower  pin  22  until  the  locking  lugs  124  35 
in  the  bolt  head  are  disengaged  from  the  mating  lugs  102 
in  the  barrel  43. 

Since  the  residual  pressure  in  the  barrel  43  is  still  high 
and  the  return  groove  132  in  the  main  cam  6  is  in  line 
with  the  follower  22,  the  bolt  9  is  accelerated  to  the  <0 
right  (as  viewed  in  FIG.  1)  and  the  follower  22  enters 
the  return  cam  groove  132. 

The  inclination  of  the  cam  groove  132  is  such  that  the 
rotational  energy  in  the  main  cam  6  is  now  translated 
into  an  accelerating  force  on  the  bolt  9.  Thus,  initially,  *5 
both  the  residual  pressure  in  the  gun  chamber  41  acting 
on  the  bolt  area  and  the  force  of  the  main  cam  6  acceler¬ 
ate  the  bolt  9  to  the  right.  After  approximately  0.6 
inches  of  bolt  travel  the  residual  pressure  has  decreased 
to  zero  and  no  longer  provides  force.  The  main  cam  6  50 
now  provides  the  only  accelerating  force. 

The  bolt  motion  displaces  hydraulic  fluid  from  the 
interior  of  the  drive  chamber  16  into  the  bore  204  in 
which  the  transfer  piston  4  slides.  The  piston  4  moves  to 
the  left  (as  viewed  in  FIG.  1)  displacing  fluid  out  or  ‘be  55 
port  1. 

Referring  to  FIG.  3.  it  will  be  noted  that  this  fluid 
cannot  pass  through  the  sequence  valve  162  since  the 
sequence  valve  162  is  still  closed.  The  fluid  must  pass 
through  the  check  valve  206.  The  fluid  cannot  pass  60 
through  the  check  valve  196  since  the  check  valve  196 
is  held  closed  by  the  system  pressure.  Check  valve  170 
is  closed  by  the  high  flow  rate  of  the  fluid  exiting  port 
1. 

The  fiuid  is  forced  into  the  chamber  64  through  the  65 
passageway  192  in  the  rod  70.  Since  during  the  first  0.6 
inch  of  bolt  travel  the  residual  pressure  in  the  gun  barrel 

43  and  thus  in  the  chamber  74  is  still  high,  the  fluid 
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entering  the  chamber  64  cannot  force  the  piston  66  to 
the  right.  Therefore,  the  oil  displaces  the  piston  63  to 
the  left  against  the  force  of  the  spring  62.  When  the 
piston  63  has  reached  the  end  of  its  stroke,  the  residual 
pressure  has  decayed  to  a  low  value,  and  further  dis¬ 
placement  of  the  bolt  9  will  result  in  forcing  the  piston 
66  to  the  right. 

The  bolt  9  proceeds  to  the  right  accelerated  by  the 
main  cam  6.  When  the  angular  velocity  of  the  main  cam 
6  has  been  reduced  to  its  initial  value,  the  hydraulic 
motor  118  is  again  engaged  through  the  overriding 
clutch  120  and  adds  its  power  to  return  the  bolt.  The 
cam  angle  of  the  “return”  groove  132  in  the  main  cam 
6  is  changed  at  this  time  so  that  energy  is  no  longer 
transferred  to  the  bolt  9  from  the  main  cam  6.  The  bolt 
now  proceeds  to  the  end  of  its  travel  opposed  by  the 
force  generated  by  the  pressure  drop  of  the  exiting  fluid 
and  by  friction  forces  and  reaches  the  rest  groove  136  in 
the  main  cam  at  near  zero  linear  velocity. 

As  the  bolt  9  is  retracting,  piston  66  is  moving  toward 
the  right;  and  as  the  bolt  9  nears  the  end  of  its  stroke  and 
its  velocity  is  reduced,  the  pressure  in  the  chamber  64 
(which  reflects  the  pressure  drop  of  the  returning  oil 
from  the  transfer  piston  4)  is  also  reduced.  Thus,  near 
the  end  of  the  stroke,  the  pressure  in  the  chamber  64  is 
low  enough  that  the  spring  62  can  force  the  piston  63  to 
the  right  to  the  end  of  its  travel.  Therefore,  when  the 
bolt  reaches  the  rest  groove  137,  all  the  fluid  which  was 
displaced  is  once  again  restored  to  the  chamber  64  (with 
the  exception  of  that  which  was  lost  to  the  return  sys¬ 
tem  through  the  restrictor  check  170). 

The  makeup  fluid  required  is  replenished  as  soon  as 
the  sequence  valve  162  opens  the  pressure  port  168  to 
the  gun  module.  The  slide  166  is  moved  to  the  left  at  the 
end  of  the  bolt  return  stroke  by  reversal  of  the  selector 
valve  164  admitting  pressure  to  the  gun  port  1. 

Fluid  can  now  flow  into  the  chamber  64  from  system 
pressure. 

The  piston  63  is  forced  to  the  left  again  to  await  the 
next  firing  cycle. 

If  the  trigger  has  been  released  during  the  cycle,  the 
selector  valve  164  on  the  sequence  valve  162  is  deener¬ 
gized  by  the  timing  cam  11  at  the  proper  point  in  the 
cycle.  The  spool  166  in  the  valve  162  is  forced  to  the 
right  closing  off  pressure  to  the  gun  module  100. 

The  pressure  in  the  system  decreases  to  return  pres¬ 
sure,  and  the  plunger  17  is  now  urged  to  the  left  by  a 
spring.  The  timing  cam  11  prevents  the  plunger  from 
moving  until  the  bolt  has  reached  its  fully  retracted 
position.  The  plunger  then  moves  to  the  left  forcing  the 
locking  piston  10  to  the  left  and  extending  the  lock  balls 
12  behind  the  shoulder  of  the  support  19,  thus  locking 
the  bolt  9. 

As  indicated  above,  the  projectile  feed  mechanism  is 
geared  to  the  main  cam  6  and  thus  is  driven  by  the 
hydraulic  motor  118.  The  gearing  is  arranged  in  a  man¬ 
ner  knov/n  as  a  harmonic  drive.  This  type  of  drive  con¬ 
sists  of  a  flexible,  external  gear  which  engages  the  teeth 
of  a  fixed  internal  gear  when  the  flexible  external  gear  is 
deflected  by  an  elliptical  cam  on  its  interior  surface. 
Thus,  as  the  elliptical  cam  rotates,  the  two  points  at 
which  the  flexible  member,  known  as  a  spline,  engage 
the  internal  gear  rotate  with  the  cam.  If  the  spline  now 
has  two  teeth  less  than  the  fixed  internal  gear,  the  spline 
will  advance  two  teeth  for  each  revolution  of  the  cam. 
A  third  gear  attached  to  the  spline  can  now  be  used  to 
drive  the  external  mechanism  which  in  this  case  is  the 
projectile  feed. 
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The  elliptical  cam  is  machined  as  three  ball  races  at 
the  right  end  of  the  main  cam  6.  See  FIG.  1.  The  balls 
8  are  held  in  these  elliptical  grooves  by  a  suitable  ball 
separator  member  and  by  the  inside  diameter  of  the 
flexible  spline  7.  The  spline  is  shown  in  engagement  5 
with  the  fixed  internal  gear  20  which  also  provides  a 
support  for  the  bearing  21  which  in  turn  supports  the 
main  cam. 

Thus,  as  the  main  cam  6  turns,  the  points  of  engage¬ 
ment  of  the  spline  in  the  fixed  internal  gear  rotate  about  10 
the  main  cam  6.  As  explained  above,  the  spline  now 
rotates  at  a  gear  ratio  equal  to  one-half  the  number  of 
teeth  in  the  internal  gear. 

The  output  gear  23  is  an  integral  part  of  the  flexible 
spline  and  rides  on  a  bearing  surface  at  the  left  end  of  15 
the  main  cam  6. 

A  pinion  gear  3  is  driven  by  the  gear  23  and  drives 
one  of  the  gears  48  in  the  feed  mechanism  gear  train 
through  a  shaft  supported  by  the  barrel  extension  2d. 

The  gun  module  100  of  the  present  invention  thus  20 
provides  a  number  of  features  including: 

a.  A  method  to  drive  the  bolt  directly  with  hydraulic 
pressure  and  still  retain  the  Yankee  screwdriver  type 
main  cam  to  control  the  bolt; 

b.  A  timing  cam  for  synchronizing  the  bolt  release  with  i 
the  position  of  the  control  and  thus  the  forward 
groove  of  the  main  cam; 

c.  A  torsion  bar,  bolt-locking  system; 

d.  A  propellant  valve  opened  by  the  bolt  motion  which  ^ 
provides  isolation  of  the  prope'.lant  supply  from  the 
gun  chamber  during  firing  and  which  also  provides 
the  necessary  rapid  opening  of  the  propellant  valve; 

e.  A  projectile  sensing  device  which  prevents  propel¬ 
lant  from  being  pumped  into  the  gun  chamber  and 
which  also  prevents  the  gun  module  from  being  dis¬ 
abled  if  a  projectile  is  not  loaded; 

f.  A  piston  and  rod  assembly  that  senses  that  firing  has 
occurred  and  that  uses  the  gas  pressure  generated  to 
pump  high  pressure  hydraulic  fluid  back  into  the  ^ 
supply  system  to  make  up  the  energy  expended  dur¬ 
ing  the  bolt  forward  stroke.  This  same  piston  and  rod 
assembly  operates  the  disable  cam; 

g.  A  ball  locking  device  to  lock  the  bolt  in  its  most 
rearward  or  bolt  open  position  when  the  gun  is  not  45 
firing;  and 

h.  A  harmonic  drive  gear  mechanism  to  provide  power 
to  the  projectile  feed  system. 

While  we  have  illustrated  and  described  the  preferred 
embodiments  of  our  invention,  it  is  to  be  understood  50 
that  these  are  capable  of  variation  and  modification,  and 
we  therefore  do  not  wish  to  be  limited  to  the  precise 
details  set  forth,  but  desire  to  avail  ourselves  of  such 
changes  and  alterations  as  fall  within  the  purview  of  the 
following  claims.  ;s 

We  claim: 

1.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 
a  bolt  mounted  for  axial  movement  between  a  rear-  00 
ward,  projectile  loading  position  and  a  forward, 
pro|cctiie  firing  position,  and 
drive  assembly  means  for  reciprocating  the  bolt  be¬ 
tween  the  rearward  and  forward  positions,  said 
drive  assembly  means  including  drive  mechanism  65 
for  driving  the  gun  and  an  outer  case  constructed 
to  provide  a  sealed  enclosure  about  the  bolt  and  the 
drive  mechanism  and 
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fluid  pressurizing  means  for  conducting  high  pressure 
hydraulic  fluid  to  the  interior  of  the  case  and  di¬ 
rectly  against  the  back  surfaces  of  the  bolt  to  drive 
the  bolt  forward  by  the  forces  produced  by  the 
high  pressure  fluid  action  on  the  rear  surfaces  of 
the  bolt  within  the  outer  case  and  to  provide  lubri¬ 
cation  for  all  internal  moving  parts  of  the  drive 
mechanism  within  the  outer  case. 

2.  The  invention  defined  in  claim  1  including  a  pro¬ 
pellant  injection  control  valve  for  controlling  the  injec¬ 
tion  of  liquid  propellant  into  the  combustion  chamber 
and  wherein  the  valve  is  operatively  associated  with  the 
bolt  so  that  the  valve  is  opened  by  forward  movement 
of  the  bolt. 

3.  The  invention  defined  in  claim  1  wherein  the  fluid 
pressurizing  means  include  a  transfer  piston  for  transfer¬ 
ring  pressure  from  a  source  of  high  pressure  fluid  inde¬ 
pendent  of  the  gun  to  the  interior  of  said  case. 

4.  The  invention  defined  in  claim  3  including  se¬ 
quence  valve  means  operatively  associated  with  said 
transfer  piston  for  controlling  the  application  of  high 
pressure  from  said  source  of  high  pressure  fluid  to  the 
transfer  piston. 

5.  The  invention  defined  in  claim  1  including  liquid 
propellant  injection  means  for  injecting  a  liquid  propel¬ 
lant  into  the  combustion  chamber. 

6.  The  invention  defined  in  claim  5  including  projec¬ 
tile  sensor  means  for  sensing  when  a  projectile  has  en¬ 
tered  the  gun  and  operatively  associated  with  the  pro¬ 
pellant  valve  for  opening  the  propellant  valve  only 
when  a  projectile  has  entered  the  gun. 

7.  The  invention  defined  in  claim  5  wherein  the  pro¬ 
pellant  valve  is  operatively  associated  with  the  bolt  so 
that  forward  movement  of  the  bolt  opens  the  propellant 
vaive. 

8.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward, 
projectile  firing  position,  and 

drive  assembly  means  for  reciprocating  the  bolt  be¬ 
tween  the  rearward  and  forward  positions,  said 
drive  assembly  means  including  an  outer  case  and 
fluid  pressurizing  means  for  conducting  high  pres¬ 
sure  fluid  to  the  interior  of  the  case  and  directly 
against  the  back  surfaces  of  the  bolt  to  drive  the 
bolt  forward  by  the  forces  produced  by  the  high 
pressure  fluid  acting  on  the  rear  surfaces  of  the  bolt 
within  the  outer  case  and  including  an  accumulator 
operatively  associated  with  the  sequence  valve  for 
storing  high  pressure  fluid  at  the  pressure  of  said 
source  of  high  pressure  fluid  after  the  sequence 
valve  has  closed  off  the  source  of  said  high  pres- 

-  sure  fluid  from  the  accumulator  and  the  liquid 
propellant  gun. 

9.  The  invention  defined  in  claim  8  including  gas 
operated  pumping  means  powered  by  the  gases  pro¬ 
duced  by  the  firing  of  the  projectile  and  operatively 
associated  with  the  sequence  valve  means  and  the  accu¬ 
mulator  for  making  up  during  the  rearward  movement 
of  the  bolt  energy  losses  from  said  fluid  pressure  in¬ 
curred  dunng  the  forward  movement  of  the  bolt  and 
the  loading  of  the  projectile  during  each  cycle  of  opera¬ 
tion  of  the  gun. 

10.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 


4,161,904 


J1 


m 


21 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward, 
projectile  firing  position,  and 

drive  assembly  means  for  reciprocating  the  bolt  be¬ 
tween  the  rearward  and  forward  positions,  said  5 
drive  assembly  means  including  an  outer  case  and 
fluid  pressurizing  means  for  conducting  high  pres¬ 
sure  fluid  to  the  interior  of  the  case  and  directly 
against  the  back  surfaces  of  the  bolt  to  drive  the 
bolt  forward  by  the  forces  produced  by  the  high  10 
pressure  fluid  acting  on  the  rear  surface'  "f  the  bolt 
within  the  outer  case  and  wherein  the  ive  assem¬ 
bly  means  include  a  main  cam  mounted  for  rotation 
within  the  outer  case  and  operatively  associated 
with  the  bolt  during  the  forward  and  rearward  IS 
reciprocation  of  the  bolt. 

11.  The  invention  defined  in  claim  10  wherein  the 
bolt  includes  a  cam  follower  engaged  with  the  main 
cam,  the  main  cam  extends  parallel  to  the  bolt  and  has  a 
forward  cam  groove  which  receives  the  bolt  cam  fol-  20 
lower  during  forward  motion  of  the  bolt  and  wherein 
the  forward  cam  groove  has  an  angular  inclination 
which  causes  the  cam  follower  to  engage  a  side  of  the 
forward  cam  groove  near  the  end  of  the  forward  mo¬ 
tion  of  the  bolt  both  to  decelerate  the  forward  motion  of  25 
the  bolt  and  at  the  same  time  to  store  energy  from  the 
decelerating  bolt  into  the  main  cam  and  other  structure 
mounted  for  rotation  with  the  main  cam  by  converting 
the  deceleration  of  the  axial  motion  of  the  bolt  into 
acceleration  of  the  rotary  motion  of  the  main  cam.  30 

12.  The  invention  defined  in  claim  11  wherein  the 
main  cam  includes  a  return  groove  which  receives  the 
bolt  cam  follower  during  rearward  motion  of  the  bolt 
and  wherein  the  angular  inclination  of  the  return  cam 
groove  causes  a  side  of  the  return  cam  groove  to  engage  33 
the  cam  follower  to  drive  the  bolt  rearward  by  the 
rotary  motion  of  the  main  cam  only  during  the  first  part 
of  the  rearward  movement  of  the  bolt. 

13.  The  invention  defined  in  claim  10  including  pro¬ 
jectile  feed  mechanism  means  for  feeding  projectiles  to  40 
the  gun  and  gear  means  connecting  the  projectile  feed 
means  to  the  main  cam  for  drive  from  the  rotation  of  the 
mam  cam. 

14.  The  invention  defined  in  claim  13  wherein  the 
gear  means  include  harmonic  drive  gear  reduction  gear-  43 
ing  for  driving  the  projectile  feed  mechanism  at  a  much 
slower  speed  than  the  speed  of  rotation  of  the  main  cam. 

15.  The  invention  defined  in  claim  13  including  a 
hydraulic  motor  connected  to  drive  the  mam  cam. 

16.  The  invention  defined  in  claim  15  including  an  50 

overrunning  clutch  in  the  drive  connection  between  the 
hydraulic  motor  and  the  main  cam  so  that  the  main  cam 
can  rotate  faster  than  the  speed  of  rotation  of  the  hy¬ 
draulic  motor  during  certain  parts  of  a  cycle  of  opera¬ 
tion  of  the  gun.  53 

17.  The  invention  defined  in  claim  10  wherein  the 
barrel  has  bolt  locking  lugs  and  the  bolt  has  mating 
locking  lugs  and  the  bolt  is  mounted  for  limited  rotation 
so  that  the  bolt  locking  lugs  engage  the  barrel  locking 
lugs  when  the  bolt  is  rotated  to  a  locked  position  at  the  60 
forward  end  of  the  stroke. 

18.  The  invention  defined  in  claim  17  including  a 

control  cam  mounted  for  rotation  within  the  outer  case 
and  engagable  with  the  bolt  cam  follower  for  rotating 
the  bolt  to  an  unlocked  position  after  firing.  65 

19.  The  invention  defined  in  claim  18  including  cam 
drive  means  in  the  drive  assembly  means  effective  to 
rotate  the  main  cam  at  a  multiple  of  the  speed  of  rota- 
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tion  of  the  control  cam  and  including  a  timing  cam 
operatively  associated  with  the  main  and  the  control 
cam  for  synchronizing  the  entry  of  the  bolt  cam  fol¬ 
lower  into  the  forward  groove  of  the  main  cam. 

20.  The  invention  defined  in  claim  18  including  a  pin 
cam  operatively  associated  with  the  control  cam  for 
controlling  the  injection  of  propellant  into  the  gun. 

21.  The  invention  defined  in  claim  20  including  a 
propellant  inlet  valve  and  wherein  the  pin  cam  includes 
a  pin  operatively  associated  with  the  propellant  inlet 
valve  for  holding  the  propellant  inlet  valve  open  for  the 
amount  of  time  required  to  fill  the  firing  chamber  of  the 
gun  with  liquid  propellant. 

22.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward, 
projectile  firing  position,  and 

drive  assembly  means  for  reciprocating  the  bolt  be¬ 
tween  the  rearward  and  forward  positions,  said 
drive  assembly  means  including  an  outer  case  and 
fluid  pressurizing  means  for  conducting  high  pres¬ 
sure  fluid  to  the  interior  of  the  case  and  directly 
against  the  back  surfaces  of  the  bolt  to  drive  the 
bolt  forward  by  the  forces  produced  by  the  high 
pressure  fluid  acting  on  the  rear  surfaces  of  the  bolt 
within  the  outer  case  and  including  gas  operated 
motor  means  powered  by  the  gases  produced  upon 
firing  of  a  projectile  from  the  gun  and  including  a 
movable  piston  powered  by  said  gases  to  provide  a 
plurality  of  functions. 

23.  The  invention  defined  in  claim  22  wherein  the 
piston  pumps  hydraulic  fluid  to  make  up  on  the  return 
stroke  of  the  bolt  fluid  pressure  and  energy  losses  in¬ 
curred  during  forward  movement  of  the  bolt  during 
each  cycle  of  operation  of  the  gun. 

24.  The  invention  defined  in  claim  22  wherein  the  gun 
includes  an  external  hydraulic  circuit  and  a  control 
valve  for  controlling  the  supply  of  the  fluid  pressure  to 
the  drive  assembly  and  wherein  the  piston  is  operatively 
associated  with  the  control  valve  to  operate  the  control 
valve  on  each  firing  cycle  of  the  gun. 

25.  The  invention  defined  in  claim  22  including  mis¬ 
fire  detection  means  and  wherein  the  piston  operates  the 
misfire  detection  means  to  disable  the  gun  module  in  the 
event  of  a  misfire. 

26.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward, 
projectile  firing  position,  and 

drive  assembly  means  for  reciprocating  the  bolt  be¬ 
tween  the  rearward  and  forward  positions,  said 
drive  assembly  means  including  an  outer  case  and 
fluid  pressurizing  means  for  conducting  high  pres¬ 
sure  fluid  to  the  interior  of  the  case  and  directly 
against  the  back  surfaces  of  the  bolt  to  drive  the 
bolt  forward  by  the  forces  produced  by  the  high 
pressure  fluid  acting  on  the  rear  surfaces  of  the  bolt 
within  the  outer  case  and  including  a  gun  barrel 
having  barrel  locking  lugs,  bolt  locking  lugs  on  the 
bolt,  and  torsion  rod  bolt  locking  means  for  rotat¬ 
ing  the  bolt  and  bolt  locking  lugs  into  locking  en¬ 
gagement  with  the  barrel  locking  lugs  at  the  end  of 
the  forward  movement  of  the  bolt. 
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27.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward,  5 
projectile  firing  position  and  mounted  for  rotary 
movement  between  a  locked  position  and  an  un¬ 
locked  position, 

a  barrel  having  barrel  locking  lugs,  )0 

bolt  locking  lugs  on  the  bolt,  and 
torsion  rod  bolt  locking  means  for  rotating  the  bolt 
and  the  bolt  locking  lugs  into  locked  engagement 
with  the  barrel  locking  lugs  at  the  end  of  the  for¬ 
ward  movement  of  the  bolt.  15 

28.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward,  20 
projectile  firing  position, 

liquid  propellant  injection  means  for  injecting  a  liquid 
propellant  into  the  combustion  chamber, 
said  liquid  propellant  injection  means  including  a  2J 
propellant  control  valve  and  propellant  control 
valve  opening  means  attached  to  the  propellant 
control  valve  and  mechanically  engageable  with 
the  bolt  at  a  certain  point  in  the  forward  travel  of 
the  bolt  to  physically  move  the  propellant  control  30 
valve  to  an  open  position  as  the  bolt  travels  to  its 
full  forward  position  wherein  the  bolt  is  opera¬ 
tively  associated  with  the  propellant  control  valve 
to  open  the  propellant  control  valve  by  the  for¬ 
ward  movement  of  the  bolt.  25 

29.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear-  ^ 
ward,  projectile  loading  position  and  a  forward, 
projectile  firing  position, 

liquid  propellant  injection  means  for  injecting  a  liquid 
propellant  into  the  combustion  chamber,  said  liquid 
propellant  injection  means  including  a  propellant  45 
control  valve  and  bolt  engaging  means  for  moving 
the  control  valve  to  an  open  position  when  en¬ 
gaged  by  the  bolt,  and 

wherein  the  projectile  sensor  means  are  operatively 
associated  with  the  bolt  engaging  means  for  the  50 
propellant  control  valve  to  open  the  propellant 
control  valve  only  when  a  projectile  has  actually 
entered  the  gun. 

30.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a  55 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward, 
projectile  firing  position,  w 

liquid  propellant  injection  means  for  injecting  a  liquid 
propellant  into  the  combustion  chamber, 
said  liquid  propellant  injection  means  including  a 
propellant  control  valve  which  must  be  open  to 
inject  propellant  into  the  combustion  chamber,  65 
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projectile  sensor  means  for  opening  the  propellant 
control  valve  only  when  the  projectile  enters  the 
gun, 

an  operative  connection  between  the  bolt  and  the 
propellant  control  valve  effective  to  open  the  con¬ 
trol  valve  by  the  forward  movement  of  the  bolt, 
and 

ball  lock  means  for  retaining  the  bolt  in  a  rearward, 
locked  position  until  the  start  of  a  firing  cycle. 

31.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forwaid, 
projectile  firing  position, 

drive  assembly  means  for  reciprocating  the  bolt  be¬ 
tween  the  rearward  and  forward  positions,  said 
drive  assembly  means  including  a  main  cam 
mounted  for  rotation  and  operatively  associated 
with  the  bolt  during  the  forward  and  rearward 
reciprocation  of  the  bolt, 
a  drive  motor  for  rotating  the  main  cam, 
projectile  feed  means  for  feeding  projectiles  to  the 
gun,  and 

harmonic  drive  means  including  harmonic  drive 
gearing  interconnecting  the.  main  cam  and  the  pro¬ 
jectile  feed  mechanism  for  driving  the  projectile 
feed  mechanism  in  synchronism  with  the  main  cam 
and  effective  to  drive  the  projectile  feed  mecha¬ 
nism  from  the  main  cam  at  a  large  gear  reduction 
ratio  with  a  minimum  of  gear  mechanism  size,  said 
harmonic  drive  gearing  comprising  a  flexible  exter¬ 
nal  gear,  a  fixed  internal  gear,  and  a  routable  ellip¬ 
tical  cam  engaged  with  the  flexible  external  gear  to 
cause  the  points  at  which  the  two  gears  are  en¬ 
gaged  to  route  with  the  roution  of  the  elliptical 
cam. 

32.  A  liquid  propellant  gun  of  the  kind  in  which  liquid 
propellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward, 
projectile  firing  position  and  having  a  cam  fol¬ 
lower, 

drive  assembly  means  for  reciprocating  the  bolt  be¬ 
tween  the  rearward  and  forward  positions,  said 
drive  assembly  means  including  a  main  cam  having 
forward  and  return  cam  grooves  operatively  asso¬ 
ciated  with  the  bolt  cam  follower  for  providing 
part  of  the  drive  to  the  bolt  during  certain  parts  of 
a  cycle  of  operation  and  for  receiving  driving  mo¬ 
tion  from  and  for  storing  energy  from  the  bolt 
during  other  parts  of  a  cycle  of  operation, 
a  separate  control  cam  for  controlling  certain  events 
in  a  cycle  of  operation  of  the  gun, 
drive  means  operatively  associated  with  the  drive 
cam  and  the  control  cam  for  routing  the  drive  cam 
at  a  multiple  of  the  speed  of  roution  of  the  control 
cam,  and 

a  timing  cam  operatively  associated  with  the  main 
cam  and  control  cam  for  synchronizing  entry  of 
the  bolt  cam  follower  into  the  groove  of  the  main 
cam  at  the  proper  times  in  each  cycle  of  operation 
of  the  gun. 
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[57]  ABSTRACT 

A  liquid  propellant  modular  gun  has  a  slim  profile  and 


is  constructed  for  wide  latitude  in  gun  cluster  configura¬ 
tion. 

The  modular  gun  has  a  stationary  barrel  and  is  exter¬ 
nally  driven  and  cam  operated  by  a  drive  cam  and  a 
control  cam. 

The  drive  cam  has  one  internal  spiral  cam  track  for 
driving  the  bolt  forward  to  a  projectile  firing  position 
and  another  internal  spiral  cam  track  for  driving  the 
bolt  rearward  to  a  projectile  loading  position. 

The  control  cam  is  mounted  for  rotation  at  the  forward 
end  of  the  drive  cam  and  controls  the  injection  of  liquid 
propellant  into  the  combustion  chamber  and  an  electri¬ 
cal  igniter. 

A  water  injection  mechanism  is  also  associated  with  the 
control  cam  for  injecting  a  small  amount  of  water  into 
the  combustion  chamber  after  the  firing  of  each  round 
to  cool  the  combustion  cha  mber  structure  by  internal 
water  cooling.  The  water  injection  mechanism  is  also 
effective  to  purge  propellant  from  the  combustion 
chamber  in  the  event  of  a  misfire. 

The  bolt  is  rotated  to  a  locked  position  at  the  forward 
end  of  its  travel  where  locking  lugs  on  the  bolt  are 
engaged  with  mating  lugs  on  the  barrel  so  that  all 
breach  loads  caused  by  chamber  pressure  are  carried 
through  the  barrel  rather  than  the  receiver.  This  per¬ 
mits  the  receiver  to  be  made  quite  light. 

3  Claims,  46  Drawing  Figures 
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1  2 

The  problems  of  severe  thermal  loads  and  barrel 
LIQUID  PROPELLANT  MODULAR  GUN  erosion  also  occur  in  drilling  by  cannon  excavation.  In 

INCORPORATING  DUAL  CAM  OPERATION  AND  cannon  excavation  the  firing  rate  is  relatively  low  but 

INTERNAL  WATER  COOLING  the  duty  cycle  is  sustained  for  long  periods  of  time,  and 


This  application  is  a  division  of  parent  application 
Ser.  No.  616,822  filed  Sept.  25,  1975  and  entitled  “Liq¬ 
uid  Propellant  Modular  Gun  Incorporating  Dual  Cam 
Operation  and  internal  Water  Cooling"  and  claims  the 
benefit  of  the  filing  date  of  the  parent  application.  10 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  liquid  propellant  gun  of  the 
kind  in  which  liquid  propellant  is  burned  in  a  combus¬ 
tion  chamber  to  fire  a  projectile  from  the  gun.  It  relates  IS 
particularly  to  a  cam  operated,  externally  driven,  liquid 
propellant  gun  having  a  slim  profile  so  that  a  plurality  of 
single  barrel  gun  modules  can  be  conveniently  clustered 
in  a  variety  of  configurations.  The  present  invention 
also  relates  particularly  to  an  internal  water  cooling  20 
arrangement  which  injects  a  small  quantity  of  water 
into  the  combustion  chamber  for  cooling  by  internal 
vaporization  after  the  firing  of  each  round  and  which 
also  serves  to  fill  the  combustion  chamber  with  water 
and  to  purge  propellant  from  the  combustion  chamber  2S 
in  the  event  of  a  misfire. 

The  present  invention  has  particular  utility  for  high 
performance,  high  rate  of  fire  guns  in  the  20  to  35  mm 
size.  The  present  invention  is  not,  however,  limited  to 
guns  of  this  size.  30 

The  existing  weapons  used  by  the  armed  services  use 
solid  propellant  cartridges.  These  existing  weapons 
carry  the  solid  propellant  in  cases,  and  the  cases  form  a 
substantial  part  of  the  overall  weight  and  overall  size  of 
the  cartridge.  This  in  itself  imposes  serious  drawbacks  35 
and  limitations  on  the  installation  and  use  of  such  weap¬ 
ons,  because  the  projectile  feed  mechanism  and  related 
storage  facilities  must  be  large  enough  and  strong 
enough  to  store  and  transport  not  only  the  projectile 
itself  but  also  the  related  solid  propellant  and  case.  40 

Solid  propellants  have  a  further  inherent  disadvan¬ 
tage  because  of  the  fact  that  solid  propellants  character¬ 
istically  develop  a  high  peak  temperature.  In  many  gun 
installations  it  is  necessary  to  fire  long  bursts  in  multiple 
engagements.  Such  projected  firing  schedules  produce  45 
severe  thermal  loads  on  the  gun  and  often  cause  barrel 
errosion  with  the  existing  solid  propellant  weapons. 

Automatic  guns  used  in  antiaircraft  roles  are  a  good 
example  of  guns  subjected  to  severe  firing  schedules. 
Long  bursts  are  needed  to  achieve  high  cumulative  kill  50 
probabilities.  These  gun  systems  must  also  engage  mul¬ 
tiple  targets  in  rapid  succession  with  little  or  no  time 
between  bursts  for  adequate  cooling.  A  severe  barrel 
cooling  problem  results  which  is  a  primary  factor  in 
limiting  system  effectiveness.  The  reduced  accuracy  55 
associated  with  premature  barrel  erosion  can  effectively 
destroy  gun  capability  during  a  single  engagement.  The 
alternative  is  to  increase  the  number  of  available  mounts 
to  achieve  an  acceptable  firing  schedule.  This  results  in 
additional  weight,  complexity,  cost  and  maintenance  60 
problems,  and  is  therefore  an  unacceptable  solution. 

The  problem  has  long  been  recognized  in  high  per¬ 
formance,  gun  installations  such  as  the  U.S.  Navy  40 
mm  Bofors  automatic  gun  and  the  Oto  Melara  76/62.  In 
both  cases  a  classic  approach  to  barrel  cooling  has  been  65 
taken,  i.e.  water  jacketing  of  the  exterior  barrel  surface. 
However,  even  with  exterior  water  jacketing,  the  heat 
transfer  rate  may  be  too  limited  for  some  applications. 


this  produces  severe  thermal  loads  on  the  barrel. 

It  is  one  important  object  of  the  present  invention  to 
provide  a  more  effective  means  for  barrel  cooling.  This 
object  is  achieved  in  the  present  invention  by  internal 
water  cooling.  The  way  in  which  the  internal  water 
cooling  is  incorporated  in  a  liquid  propellant  gun  of  the 
present  invention  also  permits  the  mechanism  for  inject¬ 
ing  the  water  for  cooling  to  be  used  as  a  water  purge 
system  for  purging  the  combustion  chamber  of  liquid 
propellant  in  the  event  of  a  misfire,  and  this  system  and 
mode  of  operation  constitutes  another,  specific  object  of 
the  present  invention.  The  internal  water  cooling  sys¬ 
tem  will  be  reviewed  in  more  detail  be!',  w  in  the  Sum¬ 
mary  of  the  Invention  and  in  the  Detailed  Description 
of  the  Preferred  Embodiments  of  the  present  invention. 
At  this  point  the  applicants  would  like  to  point  out  that, 
because  the  water  does  impinge  directly  on  the  heated 
gun  bore  surfaces  in  the  present  invention,  high  heat 
transfer  rates  are  realized  and  the  effectiveness  of  the 
internal  water  cooling  permits  significant  increase  in 
burst  length  and  frequency  in  automatic  guns.  It  also 
permits  a  significant  increase  in  length  of  the  duty  cycle 
in  such  applications  as  drilling  by  cannon  excavation. 

There  are  a  number  of  recognized  technical  objec¬ 
tives  for  high  performance  guns.  In  general,  these  in¬ 
clude:  (1)  increased  velocity  and  rate  of  fire;  (2)  lower 
gun  and  ammunition  weight;  (3)  improved  interior  and 
exterior  ballistic  performance;  (4)  decreased  erosion. 
Hash  and  smoke;  (5)  reduced  recoil  loads;  (6)  elimina¬ 
tion  of  cases,  links  and  sabots;  (7)  improved  reliability 
and  safety;  and  (8)  versatility — application  to  a  wide 
range  or  requirements. 

In  addition  to  these  general  improvements,  the  fol¬ 
lowing  characteristics  are  recognized  as  being  factors 
lacking  in  the  prior  art  and  needed  to  enhance  the  appli¬ 
cability  of  future  gun  systems  as  compared  to  the  prior 
art:  (1)  a  gun  of  minimum  cross  section  to  assure  maxi¬ 
mum  ve  -satility  of  installation  on  shipboard,  vehicle  and 
aircraft  mounts;  (2)  an  envelope  that  will  assure  retrofit 
capability  of  single  or  multibarrel  high  performance  30 
or  35  mm  liquid  propellant  guns  in  existing  20  mm  in¬ 
stallations;  (3)  a  mechanism  design  capable  of  employ¬ 
ing  high  density,  low  drag  projectiles  currently  in  the 
inventory  or  in  an  advanced  stage  of  development;  (4) 
at  the  30/35  mm  scale— utilization  of  existing  projectile 
designs  (with  only  minor  modifications)  to  eliminate 
immediate  requirements  for  development  of  new  pro¬ 
jectiles,  and  muzzle  velocities  in  excess  of  4000  ft.  per 
second  employing  high  sectional  density  projectiles  to 
provide  adequate  standoff,  short  time  of  flight,  and  high 
projectile  payload;  (5)  a  gun  mechanism  construction 
adaptable  to  operation  at  higher  muzzle  velocities  when 
adequate  projectiles  are  available;  (6)  stationary  barrel 
construction  with  rotating  cam  feed  mechanism  to  pro¬ 
vide  significant  reduction  in  gun  drive  power  require¬ 
ments  and  quicker  acceleration  to  full  firing  rate;  (7) 
simplified  gun  harmonization  at  all  firing  rates  by  elimi¬ 
nation  of  tangential  projectile  velocity  components 
associated  with  rotating  barrel  systems. 

A  further  requirement  which  has  been  placed  on  gun 
development  in  guns  of  this  size  range  is  that  the  gun 
must  be  applicable  across  the  board  to  sea,  air  and 
ground  needs  for  the  three  services.  These  include  (but 
are  not  limited  to)  small  craft  point  defense,  landing 
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craft  armament,  retrofit  of  existing  fixed  wing  aircraft 
and  antiaircraft  and  antivehicle  ground  applications 
where  rate  of  fire  and  configuration  constraints  vary 
widely.  Some  missions  require  single  barrel  guns  with 
relatively  low,  adjustable  rates  of  fire  (0  to  1000  rpm).  3 
Others  involve  multibarrel  installations  at  intermediate 
rates  of  fire  (2000  to  3000  rpm),  and  finally  there  are 
those  which  require  very  high  rates  of  fire  (4000  to  6000 
rpm).  It  can  be  seen  that  this  range  of  rate  of  fire  indi¬ 
cates  that  automatic  guns  are  needed  from  one  to  eight  1° 
barrels. 

Liquid  propellant  guns  have  a  characteristic  low  peak 
temperature.  Because  a  liquid  propellant  will  ignite  in 
the  bulk  mode,  it  can  be  ignited,  as  by  an  electrical  spark 
device  immersed  in  the  liquid  propellant,  without  the  15 
need  to  vaporize  the  propellant  prior  to  ignition.  Liquid 
propellants  are  high  energy  density  liquids  and  can  be 
burned  in  discrete  pulses  to  produce  high  combustion 
pressures.  Pulsed  burning  of  a  liquid  propellant  can 
produce  combustion  pressures  in  the  range  of  10,000  to  20 
80,000  psi  and  even  higher.  The  magnitude  of  the  aver¬ 
age  combustion  pressure  in  such  pulsed  burning  can  be 
controlled  by  the  amount  of  expansion  permitted. 
Higher  average  combustion  pressures  can  be  produced  2J 
by  permitting  less  expansion. 

The  liquid  propellant  gun  can  produce  a  flatter  com¬ 
bustion  chamber  pressure-time  characteristic  than  a 
solid  propellant  gun.  Hence,  performance  equivalent  to 
a  solid  propellant  gun  can  be  obtained  at  lower  pressure.  ^ 
High  cyclic  rates  of  fire  are  possible  with  a  liquid  pro¬ 
pellant  gun.  Because  the  propellant  is  a  liquid,  the  pro¬ 
pellant  can  be  easily  pumped  to  the  firing  chamber  from 
a  storage  area  remote  from  the  gun  itself.  This  permits 
flexibility  of  installation.  Because  the  cartridge  feeding 
system  of  the  liquid  propellant  gun  carries  only  the 
projectile  itself,  the  projectile  feed  system  can  be  simpli¬ 
fied  and  can  be  made  considerably  lighter  in  weight 
than  for  a  conventional  gun.  Or,  a  considerably  larger 
projectile  size  and  weight  can  be  used  for  higher  perfor-  40 
mance  without  having  to  increase  the  size  of  the  projec¬ 
tile  feed  mechanism.  This  is  especially  important  in 
permitting  larger  bore  liquid  propellant  guns  to  be  in¬ 
corporated  in  retrofit  installations  as  replacements  for 
existing  smaller  bore  solid  propellant  guns.  4$ 

Liquid  propellant  guns  also  permit  slim  profiles 
which  provide  desirable  configuration  versatility.  Be¬ 
cause  the  liquid  propellant  gun  permits  a  low  profile, 
clean  exterior  design,  an  individual  liquid  propellant 
gun  module  or  a  modular  grouping  of  liquid  propellant  50 
gun  modules  can  be  installed  in  locations  that  would  not 
accomodate  a  conventional  gun. 

It  is  another  important  object  of  the  present  invention 
to  incorporate  he  inherent  advantages  of  a  liquid  pro¬ 
pellant  gun  in  a  modular  gun  of  the  kind  incorporating  53 
a  drive  cam  and  a  control  cam. 

SUMMARY  OF  THE  INVENTION 

The  liquid  propellant  gun  of  the  present  invention  is 
a  cam  operated,  externally  driven  gun  constructed  in  60 
modular  form.  It  has  a  slim  profile,  and  the  operational 
features  of  the  gun  are  arranged  so  that  the  gun  can  be 
readily  incorporated  in  a  variety  of  modular  clusters, 
such  as  flat  pack  groupings  and  circular  groupings. 

The  gun  barrel  is  stationary  and  all  combustion  char  -  65 
ber  pressure  loads  on  the  bolt  are  carried  through  the 
barrel  rather  than  being  carried  through  the  receiver 
with  the  result  that  the  receiver  can  be  made  quite  light. 
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The  gun  incorporates  two  cams,  a  drive  cam  and  a 
control  cam. 

The  drive  cam  reciprocates  the  bolt  back  and  forth 
between  a  rearward,  projectile  loading  position  and  a 
forward,  projectile  firing  position.  The  drive  cam  is  a 
hollow  cylindrical  member  having  two  spiral  cam 
tracks  formed  on  the  inside  of  the  drive  cam.  The  first 
spiral  cam  track  engages  a  cam  follower  on  the  bolt  to 
drive  the  bolt  forward,  and  the  other  spiral  cam  track 
engages  the  cam  follower  to  drive  the  bolt  rearward  as 
the  drive  cam  is  rotated  about  the  axis  of  reciprocation 
of  the  bolt. 

The  control  cam  is  located  at  the  front  end  of  the 
drive  cam,  and  the  control  cam  is  also  an  annular  mem¬ 
ber  which  is  rotated  about  the  axis  of  the  bolt.  The 
control  cam  controls  the  injection  of  the  liquid  propel¬ 
lant  into  the  combustion  chamber  and  also  controls  the 
igniter  for  igniting  the  propellant. 

The  drive  cam  is  rotated  faster  than  the  control  cam 
and  has  dwell  or  rest  areas  at  each  end  of  the  drive  cam 
to  provide  the  time  intervals  for  the  projectile  loading 
at  one  end  and  the  propellant  injection  and  firing  at  the 
other  end  of  the  bolt’s  reciprocation. 

The  drive  cam  rotates  the  bolt  in  one  direction  at  the 
end  of  its  forward  travel  to  lock  the  bolt  to  the  barrel, 
and  the  control  cam  rotates  the  bolt  in  the  opposite 
direction  after  firing  to  unlock  the  bolt  from  the  barrel. 

The  axial  sliding  movement  of  the  reciprocating  bolt 
is  guided  by  lugs  on  the  bolt  which  interfit  in  slots  in  the 
barrel  extension  or  receiver  of  the  gun. 

The  cam  follower  of  the  bolt  is  mounted  for  a  limited 
amount  of  radial  movement  with  respect  to  the  bolt  to 
accomodate,  by  outward  movement,  the  bolt  rotation 
required  tc  lock  the  bolt  and,  by  inward  movement,  the 
required  dwell  at  the  forward  end  of  the  bolt  travel. 
The  barrel  extension  has  a  cam  surface  that  coacts  with 
the  cam  follower  and  a  dwell  area  at  the  forward  end  of 
the  drive  cam  to  provide  the  required  dwell  in  this  part 
of  the  cycle  of  operation  of  the  gun.  The  control  cam 
unlocks  the  bolt  and  returns  the  cam  follower  to  the 
rearward,  spiral  drive  cam  track  at  the  proper  time. 

The  drive  cam  and  the  control  cam  are  driven  in 
synchronism  by  interconnected  gearing,  and  the  drive 
cams  of  adjacent  gun  modules  are  interconnected  by 
idler  gears  for  transferring  drive  from  one  module  to  the 
next. 

The  gun  of  the  present  invention  incorporates  a  water 
cooling  arrangement  in  which  the  control  cam  causes  a 
small  amount  of  water  to  be  injected  into  the  combus¬ 
tion  chamber  after  the  firing  of  each  round.  The  in¬ 
jected  water  is  vaporized  and  converted  to  steam  as  it 
contacts  the  hot  combustion  chamber  structure,  and  this 
produces  a  highly  effective  cooling  of  the  combustion 
chamber  structure. 

The  water  cooling  valving  is  interconnected  with  the 
valving  for  the  propellant  injection  in  a  manner  such 
that  the  combustion  chamber  can  be  completely  filled 
with  water  to  purge  the  combustion  chamber  of  propel¬ 
lant  in  the  event  of  a  misfire. 

The  gun  incorporates  misfire  detection  means  which 
coact  with  the  control  cam  to  completely  disengage  the 
control  cam  from  the  drive  so  that  operation  of  the  gun 
module  is  stopped  in  the  event  of  a  misfire. 

Liquid  propellant  gun  apparatus  and  methods  which 
incorporate  the  structure  and  techniques  described 
above  and  which  are  effective  to  function  as  described 
above  constitute  specific  objects  of  this  invention. 
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Other  objects,  advantages  and  features  of  our  inven¬ 
tion  will  become  apparent  from  the  following  detailed 
description  of  preferred  embodiments  taken  with  the 
accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  an  isometric  view  of  a  liquid  propellant  gun 
module  constructed  in  accordance  with  one  embodi¬ 
ment  of  the  present  invention; 

FIG.  2  is  an  isometric  view  showing  three  of  the  gun 
modules  of  FIG.  1  grouped  in  a  flat  pack  cluster; 

FIG.  3  is  an  isometric  view  showing  three  of  the  gun 
modules  of  FIG.  1  grouped  in  a  circular  cluster; 

FIG.  4  is  a  side  elevation  view  of  the  gun  module 
shown  in  FIG.  1; 

FIG.  5  is  an  enlarged  top  plan  view  of  the  gun  mod¬ 
ule  taken  along  the  line  and  in  the  direction  indicated  by 
the  arrows  5 — 5  in  FIG.  4.  In  FIG.  5  some  parts  are 
partly  broken  away  to  show  details  of  construction  and 
FIG.  5o  is  a  continuation  of  the  left  hand  end  of  FIG.  5; 

FIG.  6  is  a  side  elevation  view  in  cross  section  taken 
generally  along  the  line  and  in  the  direction  taken  by 
arrows  6 — 6  in  FIG.  S  and  FIG.  5a.  FIG.  6a  is  a  contin¬ 
uation  of  the  left  hand  end  of  FIG.  6.  The  cam  follower 
64  is  shown  rotated  30*  in  FIG.  6  for  better  illustrating 
its  operation.  See  FIG.  13  for  the  true  position  of  this 
cam  follower; 

FIGS.  7-14  are  end  elevation  views  in  cross  section 
taken  along  the  lines  and  in  the  directions  indicated  by 
the  correspondingly  numbered  arrows  in  FIG.  6; 

FIG.  15  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  by  the  arrows  15 — 15  in 
FIG.  4; 

FIGS.  16-21  are  isometric  views  showing  the  dispo¬ 
sition  of  certain  parts  of  the  gun  in  the  various  phases  of 
operation  indicated  by  the  legends  in  these  figures; 

FIG.  22  is  a  fragmentary,  enlarged  view  of  the  part  of 
the  structure  shown  encircled  by  the  arrows  22 — 22  of 
FIG.  6.  In  FIG.  22  as  in  FIG.  6,  the  cam  follower  is 
shown  routed  30*  from  its  actual  position  illustrated  in 
FIG  13; 

FIG.  23  is  a  fragmenUry,  enlarged  end  elevation 
view  taken  along  the  line  and  in  the  direction  indicated 
by  the  arrows  23 — 23  in  FIG.  22,  but  with  the  cam 
follower  at  the  actual  inclination  illustrated  in  FIG.  13; 

FIG.  24  is  a  fragmenUry,  enlarged  end  elevation 
view  Ukcn  along  the  line  and  in  the  direction  indicated 
by  the  arrows  24 — 24  in  FIG.  22  showing  the  cam  fol¬ 
lower  64  in  the  unlocked  position  in  phantom  outline 
and  in  a  locked  position  in  bold  outline; 

FIG.  25  is  a  fragmentary,  enlarged  bottom  plan  view 
taken  along  the  line  and  in  the  direction  indicated  by  the 
arrows  25 — 25  in  FIG.  23; 

FIG.  26  is  a  fragmentary  enlarged  side  elevation  view 
taken  along  the  line  and  in  the  direction  indicated  by  the 
arrows  26—26  in  FIG.  5.  FIG.  26  shows  the  positions  of 
the  water  injection  and  the  propellant  injection  control 
valves  during  firing  of  the  gun; 

FIG  27  is  a  fragmentary  enlarged  side  elevation  view 
like  FIG.  26  but  showing  the  positions  of  the  water 
injection  and  propellant  injection  control  valves  during 
propellant  loading; 

FIG.  25  is  a  view  like  FIGS.  26  and  27  but  showing 
the  positions  of  the  water  injection  and  propellant  injec¬ 
tion  control  valves  during  either  the  combustion  cham¬ 
ber  cooling  or  the  emergency  purge  operations; 

FIG.  29  is  a  fragmentary,  enlarged  view  of  the  front 
face  of  the  control  cam  and  is  taken  generally  along  the 
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line  and  in  the  direction  indicated  by  the  arrows  29 — 29 
in  FIG.  19.  FIG.  29  shows  the  recess  in  the  control  cam 
for  the  control  of  the  propellant  injection,  the  projec¬ 
tion  on  the  control  cam  for  the  water  injection  and  a 
S  projection  on  the  control  cam  for  controlling  the  opera¬ 
tion  of  the  igniter; 

FIG.  30  is  a  fragmentary  enlarged  plan  view  taken 
generally  along  the  line  and  in  the  direction  indicated 
by  the  arrows  30 — 30  in  FIG.  29; 

10  FIG.  31  is  a  top  plan  view  showing  five  gun  modules 
assembled  in  a  flat  pack  cluster  together  with  a  drive 
motor  for  the  gun  modules  and  the  projectile  feed  sys¬ 
tem; 

FIG.  32  is  an  end  elevational  view  Uken  generally 
IS  along  the  line  and  in  the  direction  indicated  by  the 
arrows  32 — 32  in  FIG.  31.  FIG.  32  shows  the  feeding  of 
specific  projectiles  in  the  endless  conveyor  belt  to  re¬ 
lated  gun  modules; 

FIG.  33  is  an  end  elevation  view  like  FIG.  32  but 
20  showing  the  projectile  feed  system  for  three  gun  mod¬ 
ules  assembled  in  a  circular  cluster; 

FIGS.  34-39  illustrate  different  cluster  configurations 
for  the  modular  gun  of  the  present  invention  and  illus¬ 
trate  how  projectile  feed  systems  are  associated  with 
23  these  different  cluster  configurations; 

FIG.  40  is  a  plan  view  showing  a  size  comparison  for 
high  performance  30  mm  liquid  and  solid  propellant 
rounds  of  ammunition  and  also  illustrates  the  relative 
feed  chute  sizes  required; 

30  FIG.  41  is  a  top  plan  view  showing  a  size  comparison 
of  a  30  mm  liquid  propellant  projectile,  a  conventional 
solid  propellant  20  mm  round  for  an  M61  Vulcan  gun 
and  a  conventional  solid  propellant  round  for  a  30  mm 
Hispan  Suiza  round  type  831  L.  FIG.  41  illustrates  how 
33  a  30  mm  liquid  propellant  round  is  approximately  the 
same  overall  length  as  a  conventional  solid  propellant 
20  mm  round  and  how  it  is  therefore  capable  of  being 
substituted  in  conventional  projectile  feed  systems  for 
smaller  20  mm  solid  propellant  rounds  with  a  minimum 
40  of  retrofit  modifications; 

FIG.  42  is  a  fragmentary  and  elevation  view  showing 
details  of  the  misfire  switch  and  control  cam  shifting 
lug; 

FIG.  43  is  a  fragmentary  side  elevation  view  taken 
43  along  the  line  and  in  the  direction  indicated  by  the 
arrows  43 — 43  in  FIG.  42; 

FIG.  44  is  a  schematic  view  of  a  pressure  sensing 
interlock  system  for  stopping  operation  of  a  gun  module 
in  the  event  of  a  drop  in  propellant  feed  pressure. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

A  liquid  propellant  gun  module  constructed  in  accor¬ 
dance  with  one  embodiment  of  the  present  invention  is 
indicated  generally  by  the  reference  numeral  50  in 
FIGS.  1,  4,  5,  6  and  16  through  21. 

The  gun  module  50  includes  a  barrel  52,  a  combustion 
chamber  54,  a  bolt  56,  a  barrel  extension  or  receiver  58, 
a  drive  cam  60,  a  control  cam  62,  a  cam  follower  64,  a 
projectile  loading  mechanism  66  for  loading  projectiles 
from  a  projectile  feeding  mechanism  68,  a  drive  mecha¬ 
nism  70,  propellant  injection  means  72,  water  coolant 
and  purge  means  73,  a  bolt  sear  74,  an  igniter  76,  misfire 
detection  means  78  and  a  misfire  switch  80.  all  as  indi¬ 
cated  generally  by  these  reference  numerals  in  FIGS.  5 
and  6  and  in  other  FIGS,  of  the  drawings. 

The  gun  module  50  illustrated  in  the  drawings  uses  a 
liquid  monopropellant  (i.e.  a  liquid  propellant  that  con- 
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tains  both  a  fuel  and  an  oxidizer)  in  the  combustion 
chamber  54  for  firing  a  projectile  84.  It  should  be  noted, 
however,  that  many  of  the  features  of  the  present  men¬ 
tion  are  not  limited  to  a  modular  gun  or  to  a  gun  using 
a  monopropellant,  as  will  become  more  apparent  from 
the  description  to  follow. 

The  bolt  56  is  reciprocable  back  and  forth  between  a 
rearward,  projectile  loading  position  (see  FIG.  16)  and 
a  forward,  projectile  firing  position  (see  FIGS.  18,  19 
and  20). 

The  bolt  is  guided  in  this  reciprocating  movement  by 
lugs  86  (see  FIG.  17  and  FIG.  9)  which  slide  within 
guide  slots  88  (see  FIGS.  19  and  11)  in  the  barrel  exten¬ 
sion  58  and  guide  slots  90  (see  FIG.  18  and  FIG.  10) 
extending  through  locking  lugs  92  at  the  rear  end  of  the 
barrel  52. 

The  igniter  76  is  located  in  the  front  face  of  the  bolt 
56  and  comprises  an  electrode  91  (see  FIG.  6  and  FIG. 

11)  which  is  energized  when  a  cam  follower  (not  illus¬ 
trated)  is  displaced  by  a  projection  94  on  a  forward 
control  face  96  of  the  control  cam  62  (see  FIGS.  29  and 
30).  Energization  of  the  electrode  91  produces  electrical 
energy  which  ignites  the  liquid  propellant  in  the  com¬ 
bustion  chamber  54  to  fire  the  projectile  84  out  of  the 
barrel  52.  Ignition  can  also  be  accomplished  by  com-  25 
pression  ignition  or  by  injecting  a  chemical  into  the 
propellant. 

The  forward  face  of  the  bolt  56  has  a  seal  96  as  best 
illustrated  in  FIG.  6. 

The  rear  end  of  the  bolt  56  has  a  bolt  extension  100  30 
which  coacts  with  the  projectile  loading  mechanism  68 
to  snap  a  projectile  out  of  a  spring  clip  carrier  in  the 
projectile  feed  mechanism  66  (in  a  way  to  be  described 
in  more  detail  below)  when  the  bolt  is  moved  to  the 
rearward,  projectile  loading  position. 

The  bolt  extension  100  also  has  a  detent  102  which  is 
engaged  by  the  pawl  of  the  sear  74  to  hold  the  bolt  in 
the  rearward  position  when  the  gun  trigger  is  off  and  a 
sear  solenoid  104  is  deenergized. 

A  sear  actuating  rod  106  is  connected  to  the  rear  40 
solonoid  104  and  has  a  slot  108  (see  FIG.  6).  A  pin  110 
rides  in  the  slot  108  at  the  lower  end  of  the  pivot  arm 
and  is  connected  at  the  lower  end  of  the  pivot  arm  112 
of  the  sear  74.  The  arm  112  pivots  about  a  sear  pivot  114 
which  straddles  the  spring  cavity.  As  illustrated  in  FIG.  45 
6,  a  spring  116  normally  biases  the  sear  pawl  74  toward 
a  bolt  retaining  position,  but  energization  of  the  sear 
solonoid  104  rotates  the  pawl  74  downward  to  the  bolt 
releasing  position  (best  illustrated  in  FIG.  21). 

The  end  face  118  of  the  bolt  extension  100  is  erfgage-  50 
able  with  a  face  120  of  a  spring  backed  part  124  which 
actuates  the  projectile  loading  mechanism  66.  The  back 
face  of  the  part  124  provides  a  spring  seat  for  one  end  of 
a  bolt  return  spring  126.  (See  FIG.  6).  The  other  end  of 
the  bolt  return  spring  126  is  seated  against  an  inner  face  55 
of  a  rear  cover  128. 

The  part  124  has  an  upwardly  projecting  flange  129 
which  is  engageable  with  an  actuator  level  130  of  the 
projectile  loading  mechanism  66.  The  upper  end  of  the 
actuator  lever  130  is  connected  to  a  push  rod  132  by  a  60 
pin  joint  connection  134,  and  a  spring  136  maintains  the 
lower  end  of  the  actuator  lever  130  in  engagement  with 
the  upwardly  extending  flange  129. 

The  front  end  of  the  push  rod  132  is  connected  to  a 
bellcrank  loading  lever  138  by  a  pin  joint  connection  65 
140.  The  downwardly  extending  arm  of  the  bellcrank 
projectile  loading  lever  138  is  pivotally  connected  to 
the  barrel  extension  58  by  a  loading  lever  pivot  141. 
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The  forwardly  extending  arm  of  the  projectile  load¬ 
ing  lever  138  has  a  lower  end  142  which  is  positioned 
over  an  upper  recess  144  in  a  spring  clip  carrier  146  for 
a  projectile  84.  This  projectile  is  aligned  with  the  upper 
5  end  of  a  projectile  receiving  passageway  148  in  the 
barrel  extension  58  (see  FIGS.  10  and  11). 

Engagement  of  the  bolt  extension  100  with  the  rod 
122  moves  the  lower  end  of  the  actuator  lever  130  about 
the  pivot  provided  by  the  connection  to  the  spring  136 
10  to  shift  the  rod  132  forward.  This  pivots  the  bellcrank 
138  about  the  pivot  141  and  snaps  a  projectile  84  out  of 
the  spring  clip  carrier  146  of  the  endless  conveyor  belt 
149  (see  FIG.  32)  of  the  projectile  feed  mechanism  68. 
The  projectile  drops  into  the  passageway  148  and 
IS  into  the  bore  in  the  barrel  extension  in  front  of  the  bolt 
56.  Forward  movement  of  the  bolt  56  then  pushes  the 
projectile  up  into  the  barrel  54,  and  the  projectile  84  is 
then  pumped  forward  (to  the  position  illustrated  in 
FIG.  6)  against  the  forcing  cone  150  by  the  liquid  pro- 
20  pellant  injected  into  the  combustion  chamber.  This  will 
be  described  in  greater  detail  below. 

The  barrel  52  is  connected  to  the  barrel  extension  58 
by  cap  screws  152  (see  FIG.  6). 

A  cam  cover  154  is  connected  to  the  barrel  extension 
58  by  cap  screws  156  as  also  shown  in  FIG.  6. 

The  drive  cam  60  has  two  internal,  spiral  shaped,  cam 
paths  160  and  162  which  are  engageable  with  the  cam 
follower  64  for  reciprocating  the  bolt  56  forward  and 
backward  during  operation  of  the  gun.  The  spiral  cam 
track  160  drives  the  bolt  56  forward,  and  the  spiral  cam 
track  162  drives  the  bolt  56  rearward. 

The  drive  cam  60  is  axially  elongated  so  that  the  cam 
angles  are  not  too  high,  and  the  drive  cam  is  rotated 
faster  than  the  control  cam  62. 

35  As  best  shown  in  FIGS.  1-3  and  31,  the  drive  system 
70  includes  a  drive  motor  164.  The  drive  motor  164 
rotates  an  idler  gear  166,  and  the  idler  gear  166  is  en¬ 
gaged  with  a  gear  168  formed  on  the  outer  diameter  of 
the  drive  cam  60  at  the  rear  end  of  the  drive  cam  60. 

FIG.  15  illustrates  how  this  same  idler  gear  166  is 
used  to  transfer  the  drive  from  one  module  to  an  adja¬ 
cent  module  ;n  a  cluster  arrangement. 

The  drive  to  the  control  cam  62  is  provided  by  a  jack 
shaft  take  off  gear  170,  a  jack  shaft  172,  a  jack  shaft 
pinion  gear  174,  an  idler  gear  176  and  a  gear  178  formed 
on  the  outer  diameter  of  the  control  cam  62  (as  best 
illustrated  in  FIGS.  6  and  16  through  21).  The  control 
cam  62  is  therefore  rotated  in  a  direction  opposite  from 
that  of  the  drive  cam  60,  as  indicated  by  the  arrows  in 
FIG.  17. 

In  a  particular  embodiment  of  the  present  invention 
the  gear  ratios  are  such  that  the  drive  cam  60  is  rotated 
four  times  as  fast  as  the  control  cam  62. 

The  drive  cam  60  is  mounted  for  rotation  on  the 
barrel  extension  58  by  bearings  180  at  the  rear  end  of  the 
drive  cam  and  181  at  the  forward  end  of  the  drive  cam 
(see  FIG.  6). 

The  control  cam  62  is  mounted  for  rotation  on  a 
surface  182  of  the  barrel  extension  58  and  is  normally 
retained  in  a  fixed  axial  position  with  respect  to  the 
barrel  extension  58  by  two  radially  projecting  cam  lobes 
184  on  the  outer  periphery  of  the  control  cam  62  (see 
FIG.  12).  The  lobes  184  travel  in  an  annular  groove  186 
in  the  barrel  extension  58.  In  normal  operation  of  the 
gun  the  lobes  184  travel  in  the  groove  186  and  the  con¬ 
trol  cam  62  is  maintained  in  the  fixed  axial  position 
illustrated  in  FIG.  6  with  the  gear  178  engaged  with  the 
gear  176.  However,  the  barrel  extension  58  has  a  re- 
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lieved  space  1M  in  front  of  the  control  cam  which  per¬ 
mits  the  control  cam  to  be  shifted  axially  forward  and 
disengaged  from  the  drive  connection  with  the  idler 
gear  176  in  the  event  of  a  misfire.  In  this  condition  of 
operation  as  illustrated  in  FIG.  43  and  as  will  be  de¬ 
scribed  in  more  detail  below,  the  misfire  switch  80  en¬ 
gages  one  of  the  cam  lobes  184  to  move  the  control  cam 
62  forward.  The  cam  lobe  that  engages  the  misfire 
switch  is  diverted  into  a  dead  end  side  track  187,  and  the 
other  lobe  184  enters  a  relieved  area. 

As  best  illustrated  in  FIGS.  6  and  13,  the  cam  fol¬ 
lower  64  is  a  cylindrical  element  at  the  outer  end  of  a 
rod  190.  The  rod  190  is  mounted  for  axial  movement  in 
a  radially  extending  bore  192  at  the  back  end  of  the  bolt 
56.  The  underside  of  the  bolt  56  has  a  recessed  groove 
194,  and  a  leaf  spring  196  is  mounted  in  the  groove  194 
so  as  to  engage  the  lower  end  of  the  rod  190.  The  spring 
196  biases  the  cam  follower  radially  outwardly  and  into 
engagement  with  associated  surfaces  on  the  drive  cam 
60  and,  during  part  of  the  time  that  the  bolt  56  is  in  its 
forward  projectile  firing  position,  with  associated  large 
diameter  surface  206  and  smaller  diameter  surface  208 
on  the  barrel  extension  58.  See  FIG.  24.  This  will  be 
described  in  more  detail  below. 

During  forward  driving  movement  of  the  bolt  56,  the 
outer  surface  of  the  cam  follower  64  is  engaged  with  a 
surface  199  of  the  forward  driving  cam  track  160.  See 
FIGS.  6, 17  and  22.  During  rearward  driving  of  the  bolt 
56,  the  outer  surface  of  the  cam  follower  64  is  engaged 
with  a  surface  197  of  the  spiral  cam  track  162. 

The  drive  cam  60  has  dwell  or  rest  areas  at  the  front 
and  rear  ends  of  the  drive  cam.  The  dwell  areas  provide 
turnarounds  at  each  end  of  the  bi-directional  drive  cam. 

The  rear  dwell  area  includes  a  surface  201  which  is 
bounded  by  a  rear,  radially  inwardly  extending  flange 
203  and  a  forward,  inwardly  extending  flange  205.  See 
FIG.  6.  This  dwell  area  at  the  rear  of  the  drive  cam 
holds  the  bolt  56  in  a  retracted  position  from  the  time 
that  the  cam  follower  64  leaves  the  return  cam  track  162 
until  the  drive  cam  is  rotated  to  a  position  in  which  an 
opening  in  the  forward  flange  205  permits  the  bolt  re¬ 
turn  spring  126  and  part  124  to  shove  the  cam  follower 
64  into  the  forward  drive  cam  track  160. 

In  a  particular  embodiment  of  the  present  invention 
(having  the  4  to  1  ratio  of  drive  cam  revolutions  to 
control  cam  revolutions  for  each  cycle  of  operation  as 
noted  above),  the  cam  follower  64  rests  at  the  rear  dwell 
area  of  turnaround  for  0.6  turn  of  the  drive  cam  60.  The 
forward  drive  spiral  160  moves  the  cam  follower  for¬ 
ward  for  0.8  turn  of  the  drive  cam  60.  The  cam  follower 
moves  rearward  for  0.8  turn  of  the  drive  cam  and  rests 
at  a  forward  dwell  area  for  approximately  1.8  turns  of 
the  drive  cam  60. 

When  the  bolt  56  reaches  the  forward  end  of  its 
travel,  it  must  be  rotated  45*  (as  illustrated  in  FIG.  13) 
to  lock  the  lugs  86  on  the  bolt  in  front  of  the  lugs  92  of 
the  barrel  52  (see  FIG.  18). 

The  construction  of  the  forward  end  of  the  drive  cam 
60  and  related  structure  of  the  barrel  extension  58  and 
back  face  of  the  control  cam  62  are  best  illustrated  in  the 
enlarged  fragmentary  view  of  FIG.  22. 

As  best  illustrated  in  FIG.  22,  when  the  cam  follower 
64  leaves  the  forward  end  of  the  forward  drive  cam 
track  160.  the  back  side  of  the  cam  follower  64  is  posi¬ 
tioned  in  a  forward  dwell  area  198  so  that  continued 
rotation  of  the  drive  cam  60  cannot  produce  any  contin¬ 
ued  forward  movement  of  the  boh  56. 
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The  drive  cam  60  does,  however,  have  a  slot  200  (see 
FIGS.  22  and  23)  located  at  the  forward,  outlet  end  of 
the  forward  cam  track  160  so  that  the  spring  196  (see 
FIG.  6)  shoves  the  rear  half  of  the  cam  follower  64 
outward  and  into  this  slot  200  as  soon  as  the  forward 
reciprocation  of  the  bolt  has  been  completed.  The  rota¬ 
tion  of  the  drive  cam  60  in  the  clockwise  direction  indi¬ 
cated  by  the  arrow  in  FIG.  17  then  rotates  the  cam 
follower  and  bolt  45*  to  the  locking  position  illustrated 
in  FIG.  18. 

At  the  same  time  that  the  back  half  of  the  cam  fol¬ 
lower  64  moves  into  the  slot  200,  the  front  half  of  the 
cam  follower  64  engages  the  large  diameter  surface  206 
(see  FIG.  24)  of  the  barrel  extension  55.  This  surface 
206  has  a  ramp  206a  which  decreases  in  diameter,  as  the 
bolt  is  rotated  45*  to  the  locked  position,  until  the  diam¬ 
eter  is  the  same  as  that  of  the  surface  208.  This  ramp 
206a  pushes  the  cam  follower  64  downward  from  the 
outwardly  extended  position  shown  in  phantom  outline 
in  FIG.  24  to  the  retracted  position  shown  in  solid  out¬ 
line  in  FIG.  24. 

The  surface  208  thereafter  engages  the  top  of  the 
front  haif  of  the  cam  follower  64  to  retain  the  cam 
follower  64  in  the  retracted  position  and  within  the 
groove  198  of  the  drive  cam  60  until  the  firing  of  the 
projectile  from  the  combustion  chamber  54  has  been 
completed  and  the  bolt  56  is  ready  to  be  rotated  back 
45*  to  an  unlocked  position  and  then  retracted  to  the 
projectile  loading  position  by  engagement  of  the  cam 
follower  64  within  the  rear  drive  cam  track  162. 

While  the  cam  follower  64  is  retained  in  the  retracted 
position  illustrated  in  FIG.  24  by  the  stationary  engage¬ 
ment  of  the  cam  follower  64  with  the  surface  208  at  the 
end  of  the  ramp  206,  the  drive  cam  60  is  of  course  con¬ 
tinuing  to  rotate  with  respect  to  the  cam  follower  64 
with  the  back  half  of  the  cam  follower  64  engaged  in  the 
relieved  area  of  the  recessed  face  198.  At  the  same  time 
the  rear  face  210  of  the  control  cam  62  is  rotating 
counter  clockwise  with  respect  to  the  cam  follower  64, 
as  illustrated  by  the  arrows  in  FIGS.  18  and  19. 

The  rear  face  210  of  the  control  cam  has  a  bolt  un¬ 
locking  and  return  wedge  212  projecting  outwardly 
from  the  rear  face  210.  As  this  wedge  rotates  into  en¬ 
gagement  with  the  cam  follower  64,  it  first  of  all  rotates 
the  cam  follower  and  bolt  45*  counter  clockwise  (as 
viewed  in  FIG.  20)  to  unlock  the  bolt  by  aligning  the 
lugs  86  with  the  slots  90.  Continued  rotation  of  the 
control  cam  62  then  moves  the  cam  follower  64  axially 
to  the  rear  and  into  the  front  inlet  end  of  the  rear  dirve 
cam  track  162,  as  this  end  of  the  cam  track  162  opens  to 
the  front  dwell  area  198.  Continued  rotation  of  the  drive 
cam  60  then  reciprocates  the  bolt  56  to  a  rearward, 
projectile  loading  bolt  position. 

The  gun  50  as  illustrated  in  the  drawings  uses  a  liquid 
monopropellant,  i.e.  a  liquid  propellant  having  both  a 
fuel  and  an  oxidizer.  Mixtures  of  hydrazine,  hydrazine 
nitrate  and  water  are  examples  of  monopropellants  that 
may  be  used.  However,  propellants  developed  for  tor¬ 
pedo  application  have  physical,  performance,  handling 
and  safety  characteristics  that  are  well  suited  for  use  in 
the  present  invention  This  is  understood  since  torpedo 
propellants  must  be  compatible  with  the  long  duration, 
closed  environment  of  a  submarine  where  adverse  char¬ 
acteristics  from  the  standpoint  of  toxicity,  handling  or 
safety  are  completely  intolerable.  The  liquid  propellant 
is  stored,  either  adjacent  to  the  gun  50  or  remotely,  and 
is  conducted  to  the  propellant  injection  means  72  by  a 
flex  conduit  216  as  shown  in  FIGS.  18  and  19.  The 
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propellant  supply  pressure  is  supplied  either  by  pump  or 
by  an  accumulator  subsystem  (not  illustrated).  The  ac¬ 
cumulator  is  preferable  from  the  standpoint  of  being 
effective  in  reducing  pump  volume  requirements  while 
meeting  the  peak  flow  rates  necessary  for  burst  fire.  The  5 
propellant  supply  system  includes  a  pressure  sensing 
interlock  system  (see  FIG.  44)  which  senses  the  propel¬ 
lant  pressure  by  means  of  a  sensor  and  stops  operation 
of  the  complete  group  (row  or  cluster)  of  gun  modules 
by  closing  a  main  propellant  supply  valve  and  stopping  10 
operation  of  the  drive  motor  when  the  supply  pressure 
drops  below  an  established  level.  This  prevents  incom¬ 
plete  propellant  filling. 

The  porting  and  valving  arrangement  for  controlling 
the  injection  of  liquid  propellant  into  the  combustion  15 
chamber  54  is  best  shown  in  FIGS.  5,  8, 18  and  26-28  of 
the  drawings. 

As  best  illustrated  in  FIG.  26,  the  sidewall  of  the 
barrel  52  has  an  axially  extending  bore  218  at  one  side  of 
the  combustion  chamber  54,  and  the  propellant  conduit  20 
216  is  connected  with  a  port  200  at  one  end  of  the  bore. 

A  port  222  connects  the  other  end  of  the  bore  to  drain. 

A  spool  valve  224  is  mounted  for  axial  movement 
within  the  bore  218,  and  the  control  of  the  position  of 
the  spool  valve  224  is  provided  by  a  valve  control  rod 
226  which  is  connected  to  the  valve  spool  224  at  one 
end.  The  other  end  of  the  rod  226  is  engaged  with  the 
front  face  96  (see  FIG.  29)  of  the  control  cam  62  and 
acts  as  a  cam  follower.  ^ 

A  port  228  connects  the  axial  bore  218  with  the  com¬ 
bustion  chamber  54. 

The  valve  spool  224  has  annular  seals  230  at  each  end 
of  the  spool  and  the  rod  226  is  sealed  by  a  seal  232  as 
illustrated  in  FIG.  26.  35 

The  cam  face  96  of  the  control  cam  62  is  formed  with 
a  recessed  ramp  234  which  controls  the  duration  of  the 
time  period  for  injection  of  the  liquid  propellant 
through  the  ports  220  and  228.  The  control  rod  226  is 
biased  (by  the  propellant  supply  pressure)  to  the  right  ^ 
(as  viewed  in  FIG.  26)  so  that  the  cam  follower  end  of 
the  rod  226  is  maintained  in  engagement  with  the  face 
96  of  the  rotating  control  cam  62. 

In  the  firing  position,  the  valve  spool  224  is  posi¬ 
tioned  by  the  control  rod  226  to  block  off  the  port  228  4; 
(as  illustrated  in  FIG.  26). 

FIG.  27  illustrates  the  position  of  the  valve  spool  226 
with  respect  to  the  port  228  when  the  recess  234  of  the 
control  cam  62  has  been  rotated  to  a  position  in  which 
the  control  rod  226  first  drops  down  into  the  recess  234.  50 
The  valve  spool  224  is  shifted  to  the  right  in  the  bore 
226  to  open  the  port  228  for  communication  with  the 
port  220,  and  the  liquid  propellant  flows  into  the  com¬ 
bustion  chamber  under  the  pressure  of  the  propellant 
supply  system.  The  pressure  of  the  inflowing  propellant  55 
pumps  the  projectile  84  forward  to  the  position  illus¬ 
trated  in  FIG.  6a  The  inclined  ramp  in  the  recess  234 
pushes  the  control  rod  226  leftward  and  back  to  the 
position  illustrated  in  FIG.  26  as  the  cam  follower  end 
of  the  control  rod  226  returns  to  the  plane  of  the  front  60 
face  96  of  the  control  cam  62.  The  amount  of  liquid 
propellant  injected  is  therefore  determined  by  the  pres¬ 
sure  of  the  propellant  supply  system  and  the  length  and 
angular  inclination  of  the  recess  234. 

As  illustrated  in  FIG.  29,  the  front  face  96  of  the  65 
control  cam  62  has  a  projection  94  which  is  engaged  by 
a  spring  biased  cam  follower.  The  electrode  92  is  ener¬ 
gized  as  the  igniter  cam  follower  is  actuated  by  the 
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projection  94  following  the  filling  of  the  combustion 
chamber  54  with  the  liquid  propellant. 

A  very  important  feature  of  the  present  invention  is 
the  internal  water  cooling  provided  by  the  coolant  in¬ 
jection  means  73. 

The  coolant  injection  means  73  inject  a  small  quantity 
of  water  directly  into  the  firing  chamber  54  between 
rounds.  Since  water  impinges  directly  on  the  heated 
gun  bore  surfaces,  high  heat  transfer  rates  are  realized. 
The  effectiveness  of  the  internal  water  cooling  permits 
a  significant  increase  in  burst  length  and  frequency  in 
the  case  of  an  automatic  gun  fired  at  high  cyclic  rates 
and  permits  a  significant  increase  in  the  length  of  the 
duty  cycle  of  guns  used  at  lower  cyclic  rates  such  as  in 
common  excavation. 

In  a  specific  embodiment  of  the  present  invention 
water  is  used  as  the  cooling  liquid  because  it  has  a  high 
heat  of  vaporization  and  is  readily  available.  Other 
liquid  coolants  can  of  course  be  used,  but  the  descrip¬ 
tion  to  follow  will  be  directed  specifically  toward  the 
use  of  water  as  the  coolant  liquid. 

One  embodiment  of  the  valve  structure  for  accom¬ 
plishing  the  internal  water  cooling  is  illustrated  in 
FIGS.  5  and  26-28.  As  illustrated  in  these  drawings,  the 
wall  of  the  gun  barrel  52  has  an  axially  extending  bore 
236.  A  valve  spool  238  is  mounted  for  reciprocation 
within  the  bore,  and  the  valve  spool  has  seals  240  at 
each  end. 

A  water  inlet  port  242  is  connected  to  one  end  of  the 
bore  236  and  a  hose  is  attached  to  this  port  242  to  con¬ 
nect  the  port  to  a  pressurized  water  supply  system. 

A  port  244  connects  the  bore  236  to  the  combustion 
chamber  54. 

The  valve  spool  238  is  connected  directly  to  the 
valve  spool  224  through  an  extension  of  the  rod  226  so 
that  the  water  coolant  valve  spool  238  moves  in  unison 
with  the  propellant  injection  valve  spool  224. 

Seals  246  and  248  seal  off  the  part  of  the  rod  226 
extending  between  the  bores  236  and  218. 

In  the  firing  position  of  the  valve  spools  (as  illustrated 
in  FIG.  26)  the  valve  spool  236  blocks  flow  of  water 
into  the  port  224  and  flow  of  combustion  gases  out  of 
the  port  244. 

Similarly,  the  water  injection  valve  spool  238  is  posi¬ 
tioned  in  the  propellant  loading  position  illustrated  in 
FIG.  27  to  block  flow  through  the  port  244. 

However,  immediately  after  firing,  the  control  cam 
62  rotates  to  a  position  in  which  a  projection  250  shifts 
tht  control  rod  226  leftward  (as  viewed  in  FIG.  28)  by 
an  amount  sufficient  to  open  the  port  244.  This  projec¬ 
tion  250  permits  a  short  time  period  for  the  injection  of 
coolant  water  into  the  combustion  chamber  (through 
the  passageway  provided  by  the  ports  242,  the  bore  236 
and  the  port  244)  before  the  cam  follower  end  of  the 
control  rod  226  moves  down  off  the  projection  250  and 
back  onto  the  plane  of  the  face  96.  This  small  amount  of 
water  is  vaporized  by  the  hot  wall  structure  of  the  com¬ 
bustion  chamber  and  turned  to  steam.  During  this  water 
injection  period,  the  port  228  may  be  maintained  closed 
by  the  land  224  or,  depending  on  the  size  of  the  projec¬ 
tion  250,  the  port  228  may  also  be  opened  for  venting  of 
gas  and  steam  from  the  combustion  chamber  (through 
the  port  228  and  the  bore  218  and  the  vent  port  222). 

Thus,  immediately  after  firing  each  round,  the  cool¬ 
ant  injection  means  73  are  opened  and  a  metered  quan¬ 
tity  of  water  is  injected  directly  on  the  forward  portion 
of  the  combustion  chamber  54.  The  water  spray  is  di¬ 
rected  toward  the  combustion  chamber  surfaces  of  the 
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gun.  The  quantity  of  water  is  metered  to  insure  that 
virtually  all  of  it  is  converted  to  steam. 

The  next  projectile  84,  in  the  process  of  being  loaded 
and  pumped  forward  in  the  chamber,  pushes  any  steam 
and  water  remaining  in  the  chamber  ahead  of  the  pro-  5 
jectile  into  the  barrel.  After  firing,  the  residuals  are 
forced  out  of  the  barrel  by  the  projectile  as  it  traverses 
the  bore. 

If  the  distribution  of  the  water  vapor  in  the  bore  is 
assumed  to  be  the  same  as  the  normal  products  of  com-  10 
bustion  of  a  liquid  propellant,  the  weight  of  gas  (vapor) 
being  pushed  out  by  the  projectile  is  slightly  less  than 
that  for  a  conventional  solid  propellant  round.  This 
results  from  the  somewhat  lower  molecular  weight  of 
liquid  propellant  combustion  products  and  that  of  the  15 
water  vapor. 

The  interna)  water  cooling  is  optimized  to  inject  no 
more  water  than  is  vaporized.  Hence,  there  is  no  pen¬ 
alty  for  acceleration  inert  mass.  The  water  injected  is 
controlled  by  the  dwell  of  the  surface  250  of  the  control  20 
cam  62. 

Heating  and  cooling  of  a  gun  barrel  bore  surface  is 
highly  transient.  The  analysis  of  the  instantaneous  heat 
transfer  process  is  complex  and  methods  for  accurately 
determing  the  heat  transfer  coefficient  controlling  the  25 
process  are  not  well  established.  However,  the  follow¬ 
ing  example,  based  on  average  conditions,  docs  illus¬ 
trated  the  effectiveness  of  the  internal  water  cooling. 

Considering  a  35mm  4,000  ft/sec  muzzle  velocity 
liquid  propellant  gun,  the  significant  characteristics  are:  30 

Projectile  Weight;  1.2  lb. 

Muzzle  Velocity;  4,000  ft/sec. 

Propellant  Charge;  1  lb. 

Projectile  Muzzle  Kinetic  Energy;  298,000  ft.-lb. 

Firing  Rate;  750  rounds  per  minute 

Estimates  of  barrel  heating  per  round  arc  calculated 
using  the  criteria  established  by  Corner1  where  the  heat 
loss  Q  is: 

<?=*< 40 

W(  =  "Effective"  Mass  of  the  projectile 

V  =  Muzzle  velocity 

Xa0.3  (maximum  value) 

'“Theory  of  Ihe  Interior  Ballistics  of  Oum".  J.  Comer.  Pg.  141  John  45 
Wiley  &  son. 

For  the  characteristics  of  the  35mm  4,000  ft/sec 
LPG,  Q=  125,000  ft.-lb.  (of  161  B.t.u.). 

Gun  barrel  cooling  is  accomplished  by.direct  water 
injection  on  the  interior  heated  surfaces.  Assuming  ini-  jq 
tial  water  temperature  to  be  70*  F.,  the  heat  absorption 
capability  of  the  injected  water  (including  specific  heat 
and  heat  of  vaporization)  is  approximately  1,110 
B.t.u./Ib.  The  quantity  of  water  required  for  complete 
cooling  after  each  round  is  then  =  55 


161  B  I  u  /round  ... 

1 1 10  B  i  n /lb  H2O  round 

In  a  rapid  fire  automatic  weapon,  the  time  available  60 
for  cooling  between  rounds  is  limited  by  heat  transfer 
rate.  At  a  firing  rate  of  750  rounds  per  minute,  the  cycle 
time  per  round  is  80  milliseconds. 

The  heat  transfer  rate  can  be  estimated  from  the  fol¬ 
lowing:  65 

q=M&7 
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q  =  rate  of  heat  transfer  B.t.u. /hr. 

h=heat  transfer  coefficient  B.t.u./hr.  of  ft2 

A = area  ft2 

AT = temperature  difference  *  F. 

For  estimating  the  heat  transfer  rate,  the  following 
assumptions  are  made: 

(a)  AT 

Bore  surface  temperature  rises  of  1,200-1,400°  F.  in 
one  millisecond  have  been  measured  in  liquid  propellant 
guns  at  the  origin  of  rifling.  Since  rapid  injection  of 
cooling  water  immediately  after  firing  is  involved  in  the 
present  method,  large  average  temperature  differences 
will  exist  during  the  cooling  process.  Here  a  conserva¬ 
tive  AT  of  500*  F.  is  assumed. 

(b)  Area 

The  chamber  bore  surface  area  is  0.375  ft2.  It  is  as¬ 
sumed  that  the  injected  cooling  wafe**  is  effectively 
sprayed  over  an  area  at  least  equivalent  to  this,  there¬ 
fore,  the  effective  area  is  assumed  to  be  0.375  ft2. 

(c)  Heat  Transfer  Coefficient 

Water  sprayed  against  hot  surfaces  boils  violently  and 
is  rapidly  vaporized.  Boiling  heat  transfer  coefficients 
are  quite  high.  Coefficients  of  —300,000  B.t.u./hr.ft2°  F. 
are  common.  Here,  the  heat  transfer  coefficient  conser¬ 
vatively  is  assumed  to  be  250,000  B.t.u./hr.ft2*  F. 

Based  on  these  considerations,  the  rate  of  heat  transfer 
is  estimated  to  be: 


q  =  (250.000 )  (.365  ft2)  (500’  F.)  =  4.7. 107 

hr.  ft2  *F.  hr- 

or  1.3  X  10* 

Since  complete  cooling  per  round  requires  removal  of 
161  B.t.u.  the  required  cooling  time  is: 


i 


161  Bl.u 
1.3. 104  B  l  u' 


=  12.4  milliseconds 


With  a  total  cycle  time  per  round  of  80  milliseconds 
there  is  ample  cooling  time  available. 

The  above  example  is  idealized  in  that  perfect  distri¬ 
bution  of  the  cooling  water  over  the  heated  surfaces  is 
assured.  While  complete  cooling  is  not  usually  attained 
in  practice,  a  substantial  portion  of  the  heat  imparted  to 
the  gun  is  removed.  This  has  a  major  impact  on  firing 
schedule  and  gun  system  effectiveness. 

FIG.  28  illustrates  the  disposition  of  the  valve  spools 
238  and  224  in  the  event  of  a  misfire,  when  it  is  desired 
to  purge  the  combustion  chamber  54  of  all  liquid  pro¬ 
pellant  within  the  combustion  chamber.  In  this  event, 
the  entire  control  cam  62  is  shifted  axially  forward  by 
the  misfire  detection  switch  80,  and  this  shoves  the 
control  rod  226  leftward  to  the  position  illustrated  in 
FIG.  28  where  the  valve  spools  238  and  224  are  held  in 
the  positions  illustrated.  The  coolant  water  flows  con¬ 
tinuously  into  the  combustion  chamber  through  the 
coolant  inlet  port  244,  fills  the  combustion  chamber  54 
completely  with  water,  and  purges  out  all  of  the  liquid 
propellant  through  the  port  228  and  the  vent  222. 

A  timing  device,  not  illustrated,  shuts  off  the  flow  of 
water  through  the  hose  241  (see  FIG.  7)  after  a  period 
of  time  sufficient  to  insure  complete  purging  of  the 
combustion  chamber. 

As  described  above  in  this  specification,  the  misfire 
switch  80  is  controlled  by  the  misfire  detection  means 
78  (see  FIG.  5). 
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The  misfire  detection  means  78  include  a  gas  piston 
252  mounted  for  reciprocation  within  a  cylinder  254 
and  spring  biased  by  a  spring  256  rightward  (as  viewed 
in  FIG.  5)  to  the  position  illustrated  in  FIG.  5  where  a 
flange  258  engages  a  snapring  stop  260.  S 

A  connecting  rod  262  connects  the  gas  piston  252  to 
the  misfire  switch  80  so  that  the  misfire  switch  80  is 
normally  spring  biased  to  the  position  illustrated  in 
FIG.  5  in  which  the  misfire  switch  80  is  axially  aligned 
with  the  lobes  184  on  the  control  cam  62.  10 

A  port  264  connects  the  bore  of  the  barrel  52  with  the 
interior  of  the  cylinder  254  at  the  back  face  of  the  gas 
piston  252. 

A  vent  port  266  is  located  in  the  sidewall  of  the  cylin¬ 
der  to  vent  the  intenor  of  the  cylinder  254  to  atmo-  15 
sphere. 

As  a  projectile  is  fired  from  the  gun,  the  pressurized 
gases  behind  the  projectile  flow  through  the  port  264  to 
momentarily  move  the  gas  piston  252  forward  (leftward 
as  viewed  in  FIG.  5)  within  the  cylinder  254.  This  pulls  20 
the  misfire  switch  80  forward  and  out  of  alignment  with 
the  lobe  184  on  the  control  cam  long  enough  to  let  this 
lobe  rotate  past  the  misfire  switch  without  engaging  the 
misfire  switch  80.  25 

However,  if  there  is  a  misfire,  the  gas  piston  252 
remains  stationary  and  the  misfire  switch  80  engages  the 
cam  lobe  184  to  divert  the  cam  lobe  into  a  dead  side 
track  187  (see  FIG.  43  and  FIG.  6)  while  the  other  cam 
lobe  184  enters  a  relieved  area.  This  moves  the  control 
cam  62  axially  forward  in  the  recess  188  (see  FIG.  6)  to 
disengage  the  gear  178  from  the  idler  gear  176,  and  the 
rotation  of  the  control  cam  62  is  stopped. 

The  timing  of  this  action  leaves  the  bolt  56  in  a  locked 
position  with  the  breach  closed.  35 

In  addition,  as  pointed  out  above,  forward  motion  of 
the  control  cam  62  pushes  the  propellant  fill  valve  224 
forward,  exposing  the  combustion  chamber  fill  port  228 
to  the  port  222  at  the  rear  of  the  bore  218  to  permit 
purging  of  the  liquid  propellant  from  the  combustion  ^ 
chamber  54.  At  the  same  time  the  water  inlet  valve  238 
is  moved  forward  to  open  the  water  injection  port  244, 
and  water  is  purged  through  the  combustion  chamber 
54  to  prevent  cook  off  and  to  make  the  round  inert. 

The  control  cam  disengagement  disables  that  particu-  45 
lar  gun  module  but  it  does  not  disable  the  drive  cam 
power  train.  Therefore,  other  modules  in  the  banked 
row  or  cluster  continue  to  operate  and  fire.  Operation  in 
this  limited  condition  can  continue  until  servicing,  pro¬ 
jectiles  intended  for  loading  but  passing  over  the  dis-  50 
abled  module  are  ejected  at  the  end  of  the  feed  system 
transfer  region. 

If  a  projectile  is  missing  at  the  feed  system  conveyor, 
a  mechanical  interlock  system  leaves  a  retainer  in  the 
path  of  the  propellant  fill  valve  224  to  prevent  the  valve  55 
from  opening.  As  the  module  continues  in  a  cycle  of 
operation,  a  pseudo  misfire  occurs,  and  the  module  is 
disabled  as  described  above. 

Since  complete  propellant  filling  depends  on  fluid 
pressure  in  the  propellant  supply  system  with  the  mono-  so 
propellant  injection  system  described  above,  insuffi¬ 
cient  pressure  of  the  propellant  supply  system  could 
result  in  incomplete  propellant  filling.  In  the  present 
invention  when  the  supply  pressure  inadvertently  drops 
below  an  established  level,  a  pressure  sensing  interlock  b5 
system  (see  FIG.  44)  stops  operation  of  the  complete 
group  (row  or  cluster  of  modules). 

The  projectile  feed  system  is  best  shown  in  FIG.  31, 
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The  projectile  feed  mechanism  68  employs  a  short 
endless  conveyor  149  which  is  driven  by  a  sprocket 
drive  270  from  the  drive  motor  164. 

As  best  illustrated  in  FIG.  32,  the  conveyor  140  mates 
with  a  transfer  mechanism  272  to  accept  projectiles  84 
from  a  conventional  belt  or  linkless  feed.  The  transfer 
mechanism  272  includes  a  shifting  device  which  selects 
from  separate  projectile  supplies  to  switch  types  of 
ammunition.  The  spring  clip  cradles  146  are  the  primary 
elements  of  the  conveyor  149.  The  tangs  on  the  ends  of 
the  spring  clip  cradles  slide  in  guide  grooves  in  the 
conveyor  frame.  The  cradles  are  coupled  to  form  an 
endless,  flexible  chain. 

Two  configurations  of  the  conveyor  149  are  illus¬ 
trated  in  FIGS.  31-32  and  in  FIG.  33.  In  FIGS.  31  and 
32  a  flat  conveyor  passing  over  a  banked  row  of  mod¬ 
ules  is  illustrated  and  in  FIG.  33  a  circular  conveyor 
wrapping  around  a  cluster  of  three  modules  is  illus¬ 
trated. 

The  fiat  conveyor  configuration  shown  in  FIGS.  31 
and  32  demonstrates  the  loading  scheme  of  the  present 
invention  which  depends  on  a  unique  sequencing  ar¬ 
rangement.  In  FIG.  32  a  banked  row  of  five  modules 
served  by  the  conveyor  149  are  indicated  by  the  refer¬ 
ence  numerals  1-5.  The  projectiles  84  move  along  the 
conveyor  from  right  to  left  and  are  numbered  in  groups 
of  five,  e.g.  (5, 4,  3, 2,  1),  (10, 9,  8,  7,  6),  etc.  The  modules 
are  also  numbered  (5.  4,  3,  2,  1)  and  are  loaded  in  the 
sequence  1  through  5  and  fire,  of  course,  in  the  same 
sequence.  Center-to-center  spacing  of  the  projectiles  in 
the  conveyor  (1.75  in.  for  30mm)  is  J  the  center-center 
spacing  of  the  modules  (3.5  in.  for  30mm). 

Assume  projectile  1  is  at  the  loading  position  for 
module  1.  The  loading  lever  on  the  module  kicks  the 
projectile  out  of  the  conveyor  and  into  the  module.  The 
conveyor  travels  1.75  inches  between  loadings.  Projec¬ 
tile  2  was  1.75  inches  away  from  the  loading  position  for 
module  2  at  the  start  but  has  now  arrived  in  position  and 
is  loaded.  Projectile  3  is  now  1.75  inches  away  from  the 
module  3  and  will  arrive  at  the  loading  position  on  time. 
The  loading  progresses  until  projectile  5  is  loaded  in 
module  5,  this  projectile  having  moved  7.0  inches  while 
the  other  projectiles  were  loading.  By  the  time  projec¬ 
tile  5  has  been  loaded,  projectiles  10,  9,  8,  7  and  6  have 
moved  into  positions  occupied  by  projectiles  5,  4,  3,  2 
and  1  at  the  start.  The  process  continues  in  perfect  time, 
with  projectile  6  loading  into  module  1,  projectile  7 
loading  into  module  2,  etc.  This  loading  scheme  applies 
to  any  number  of  modules. 

The  circular  conveyor  for  a  cluster  of  three  modules, 
shown  in  FIG.  33,  uses  the  same  loading  scheme  as 
described  above.  Since  the  conveyor  is  circular,  the 
cradles  can  take  the  form  of  pockets  in  a  wheel-like 
structure.  A  minimum  of  six  cradles  or  pockets  are 
needed  to  properly  feed  the  cluster.  Nine  pockets  are 
shown  in  FIG.  33  to  reduce  the  rotational  speed  of  the 
conveyor  and  the  centrifugal  force  imposed  on  the 
projectiles,  thus  reducing  the  force  that  must  be  exerted 
by  the  projectile  loading  levers  at  the  modules. 

Other  cluster  configurations  as  illustrated  in  FIGS. 
34-39  are  readily  arranged  and  serviced  by  the  projec¬ 
tile  loading  mechanism  68  as  described  above. 

The  modular  system  of  the  present  invention  can 
accomodate  recoil  adapters  similar  to  those  on  the 
M — 61  gun  to  reduce  recoil  forces.  A  banked  row  or 
cluster  or  modules  can  be  supported  mutually  at  the 
breach  end  of  the  barrels  by  a  bracket  structure  that 
receives  a  pair  (or  more)  of  recoil  adapters  An  addi- 
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tional  bracket  structure  mutually  supports  the  rear  of 
the  modules  and  engages  a  short  fixed  slide  to  accomo¬ 
date  recoil  travel.  The  latter  bracket  includes  a  provi¬ 
sion  for  boresighting. 

The  impact  of  caseless  operation  on  gun  design  is  best  * 
illustrated  in  FIG.  41  which  compares  a  30mm  liquid 
propellant  modular  gun  projectile  with  a  conventional 
20mm  round  for  the  M-61  gun.  Due  to  the  similarity  in 
length  and  diameter  between  the  liquid  propellant  pro-  1Q 
jectile  and  the  solid  propellant  round,  it  is  feasible  to 
directly  substitute  the  30mm  projectile  for  the  existing 
20mm  cartridge.  Some  modifications  are,  of  course, 
required  due  to  slight  differences  in  configuration  but 
the  overall  volume  is  substantially  the  same.  IS 

FIG.  40  compares  the  diameters  of  a  liquid  propellant 
modular  gun  projectile  in  a  30mm  size  with  the  car¬ 
tridge  and  projectile  size  for  a  conventional  30mm  solid 
propellant  round.  This  figure  graphically  illustrates  the 
space  and  weight  savings  which  can  be  achieved  for  the  20 
projectile  feed  systems  in  the  30mm  gun  size  with  the 
liquid  propellant  modular  gun  of  the  present  invention. 

While  we  have  illustrated  and  described  the  preferred 
embodiments  of  our  invention,  it  is  to  be  understood  2J 
that  these  are  capable  of  variation  and  modification,  and 
we  therefore  do  not  wish  to  be  limited  to  the  precise 
details  set  forth,  but  desire  to  avail  ourselves  of  such 
changes  and  alterations  as  fall  within  the  purview  of  the 
following  claims.  30 

It  is  claimed: 

1.  An  automatic  gun  of  the  kind  in  which  liquid  pro¬ 
pellant  is  burned  in  a  combustion  chamber  to  fire  a 
projectile  from  the  gun  and  comprising, 
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cyclic  means  for  automatically  loading  and  firing 
individual  projectiles  one-by-one  in  sequence  so  long  as 
the  gun  is  operated  in  a  trigger  on  condition, 

said  cyclic  means  including  a  rotatable,  mechanical 
control  element, 

misfire  detection  means  for  detecting  a  misfire  of  a 
projectile  during  the  automatic  firing  mode  of  op¬ 
eration  and  operatively  associated  with  the  cyclic 
means  to  stop  operation  of  the  cyclic  means,  after 
detection  of  a  misfire,  by  moving  the  rotatable, 
mechanical  control  element  of  the  cyclic  means  out 
of  operative  engagement  with  the  rest  of  the  cyclic 
means. 

2.  The  invention  defined  in  claim  1  wherein  the  rotat¬ 
able,  mechanical  control  element  is  a  control  cam  and 
the  misfire  detection  means  move  the  control  cam  to  a 
position  in  which  the  control  cam  is  disengaged  from 
the  rest  of  the  cyclic  means  after  the  detection  of  a 
misfire. 

3.  A  method  of  stopping  automatic  operation  of  a 
liquid  propellant  gun  of  the  kind  having  a  cyclic  mecha¬ 
nism  which  includes  a  rotatable,  mechanical  control 
element  for  automatically  loading  and  firing  individual 
projectiles  one-by-one  in  sequence  so  long  as  the  gun  is 
operated  in  a  trigger  on  condition,  said  method  com¬ 
prising, 

detecting  a  misfire  of  a  projectile  during  the  auto¬ 
matic  firing  mode  of  operation,  and 

stopping  operation  of  the  cyclic  mechanism,  after 
detection  of  the  misfire,  by  moving  the  rotatable, 
mechanical  control  element  part  of  the  cyclic 
mechanism  out  of  operative  engagement  with  the 
rest  of  the  cyclic  mechanism. 

•  •  •  •  « 
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[57]  ABSTRACT 

A  liquid  propellant  modular  gun  has  a  slim  profile  and 
is  constructed  for  wide  latitude  in  gun  cluster  configura¬ 
tion. 

The  modular  gun  has  a  stationary  barrel  and  is  exter¬ 
nally  driven  and  cam  operated  by  a  drive  cam  and  a 
control  cam. 

The  drive  cam  has  one  internal  spiral  cam  track  for 
driving  the  bolt  forward  to  a  projectile  firing  position 
and  another  internal  spiral  cam  track  for  driving  the 
bolt  rearward  to  a  projectile  loading  position. 

The  control  cam  is  mounted  for  rotation  at  the  forward 
end  of  the  drive  cam  and  controls  the  injection  of  liquid 
propellant  into  the  combustion  chamber  and  an  electri¬ 
cal  igniter. 

A  water  injection  mechanism  is  also  associated  with  the 
control  cam  for  injecting  a  small  amount  of  water  into 
the  combustion  chamber  after  the  firing  of  each  round 
to  cool  the  combustion  chamber  structure  by  internal 
water  cooling.  The  water  injection  mechanism  is  also 
effective  to  purge  propellant  from  the  combustion 
chamber  in  the  event  of  a  misfire. 

The  bolt  is  rotated  to  a  locked  position  at  the  forward 
end  of  its  travel  where  locking  lugs  on  the  bolt  are 
engaged  with  mating  lugs  on  the  barrel  so  that  all 
breach  loads  caused  by  chamber  pressure  are  carried 
through  the  barrel  rather  than  the  receiver.  This  per¬ 
mits  the  receiver  to  be  made  quite  light. 

5  Claims,  44  Drawing  Figures 
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LIQUID  PROPELLANT  MODULAR  GUN 
INCORPORATING  DUAL  CAM  OPERATION  AND 
INTERNAL  WATER  COOLING 

This  application  is  a  division  of  parent  application 
Ser.  No.  616,822  filed  Sept.  25,  1975,  now  U.S.  Pat.  No. 
4,062,266,  and  entitled  “Liquid  Propellant  Modular 
Gun  Incorporating  Dual  Cam  Operation  and  Internal 
Water  Cooling”  and  claims  the  benefit  of  the  filing  date 
of  the  parent  application. 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  liquid  propellant  gun  of  the 
kind  in  which  liquid  propellant  is  burned  in  a  combus¬ 
tion  chamber  to  fire  a  projectile  from  the  gun.  It  relates 
particularly  to  a  cam  operated,  externally  driven,  liquid 
propellant  gun  having  a  slim  profile  so  that  a  plurality  of 
single  barrel  gun  modules  can  be  conveniently  clustered 
in  a  variety  of  configurations.  The  present  invention 
also  relates  particularly  to  an  internal  water  cooling 
arrangement  which  injects  a  small  quantity  of  water 
into  the  combustion  chamber  for  cooling  by  internal 
vaporization  after  the  firing  of  each  round  and  which 
also  serves  to  fill  the  combustion  chamber  with  water 
and  to  purge  prr  nellant  from  the  combustion  chamber 
in  the  event  of  a  misfire. 

The  present  invention  has  particular  utility  for  high 
performance,  high  rate  of  fire  guns  in  the  20  to  35mm 
size.  The  present  invention  is  not,  however,  limited  to 
guns  of  this  size. 

The  existing  weapons  used  by  the  armed  services  use 
solid  propellant  cartridges.  These  existing  weapons 
carry  the  solid  propellant  in  cases,  and  the  cases  form  a 
substantial  part  of  the  overall  weight  and  overall  size  of 
the  cartridge.  This  in  itself  imposes  serious  drawbacks 
and  limitations  on  the  installation  and  use  of  such  weap¬ 
ons,  because  the  projectile  feed  mechanism  and  related 
storage  facilities  must  be  large  enough  and  strong 
enough  to  store  and  transport  not  only  the  projectile 
itself  but  also  the  related  solid  propellant  and  case. 

Solid  propellants  have  a  further  inherent  disadvan¬ 
tage  because  of  the  fact  that  solid  propellants  character¬ 
istically  develop  a  high  peak  temperature.  In  many  gun 
installations  it  is  necessary  to  fire  long  bursts  in  multiple 
engagements.  Such  projected  firing  schedules  produce 
severe  thermal  loads  on  the  gun  and  often  cause  barrel 
errosion  with  the  existing  solid  propellant  weapons. 

Automatic  guns  used  in  antiaircraft  roles  are  a  good 
example  of  guns  subjected  to  severe  firing  schedules. 
Long  bursts  are  needed  to  achieve  high  cumulative  kill 
probabilities.  These  gun  systems  must  also  engage  mul¬ 
tiple  targets  in  rapid  succession  with  little  or  no  time 
between  burst  for  adequate  cooling.  A  severe  barrel 
cooling  problem  results  which  is  a  primary  factor  in 
limiting  system  effectiveness.  The  reduced  accuracy 
associated  with  premature  barrel  erosion  can  effectively 
destroy  gun  capability  during  a  single  engagement.  The 
alternative  is  to  increase  the  number  of  available  mounts 
to  achieve  an  acceptable  firing  schedule.  This  results  in 
additional  weight,  complexity,  cost  and  maintenance 
problems,  and  is  therefore  an  unacceptable  solution. 

The  problem  has  long  been  recognized  in  high  per¬ 
formance,  gun  installations  such  as  the  U.S.  Navy  40 
mm  Bofors  automatic  gun  and  the  Oto  Melara  76/62.  In 
both  cases  a  classic  approach  to  barrel  cooling  has  been 
taken,  i.e.  water  jacketing  of  the  exterior  barrel  surface. 


2 

However,  even  with  exterior  water  jacketing,  the  heat 
transfer  rate  may  be  too  limited  for  some  applications. 

The  problems  of  severe  thermal  loads  and  barrel 
erosion  also  occur  in  drilling  by  cannon  excavation.  In 
S  cannon  excavation  the  firing  rate  is  relatively  low  but 
the  duty  cycle  is  sustained  for  long  periods  of  time,  and 
this  produces  severe  thermal  loads  on  the  barrel. 

It  is  one  important  object  of  the  present  invention  to 
provide  a  more  effective  means  for  barrel  cooling.  This 
10  object  is  achieved  in  the  present  invention  by  internal 
water  cooling.  The  way  in  which  the  internal  water 
cooling  is  incorporated  in  a  liquid  propellant  gun  of  the 
present  invention  also  permits  the  mechanism  for  inject¬ 
ing  the  water  for  cooling  to  be  used  as  a  water  purge 
15  system  for  purging  the  combustion  chamber  of  liquid 
propellant  in  the  event  of  a  misfire,  and  this  system  and 
mode  of  operation  constitutes  another,  specific  object  of 
the  present  invention.  The  internal  water  cooling  sys¬ 
tem  will  be  reviewed  in  more  detail  below  in  the  Sum- 
20  mary  of  the  Invention  and  in  the  Detailed  Description 
of  the  Preferred  Embodiments  of  the  present  invention. 
At  this  point  the  applicants  would  like  to  point  out  that, 
because  the  water  does  impinge  directly  on  the  heated 
gun  bore  surfaces  in  the  present  invention,  high  heat 
25  transfer  rates  are  realized  and  the  effectiveness  of  the 
internal  water  cooling  permits  significant  increase  in 
burst  length  and  frequency  in  automatic  guns.  It  also 
permits  a  significant  increase  in  length  of  the  duty  cycle 
in  such  applications  as  drilling  by  cannon  excavation. 
30  There  are  a  number  of  recognized  technical  objec¬ 
tives  for  high  performance  guns.  In  general,  these  in¬ 
clude:  (1)  increased  velocity  and  rate  of  fire;  (2)  lower 
gun  and  ammunition  weight;  (3)  improved  interior  and 
exterior  ballistic  performance;  (4)  decreased  erosion, 
35  flash  and  smoke;  (5)  reduced  recoil  loads;  (6)  elimina¬ 
tion  of  cases,  links  and  sabots;  (7)  improved  reliability 
and  safety,  and  (8)  versatility— application  to  a  wide 
range  or  requirements. 

In  addition  to  these  general  improvements,  the  fol- 
40  lowing  characteristics  are  recognized  as  being  factors 
lacking  in  the  prior  art  and  needed  to  enhance  the  appli¬ 
cability  of  future  gun  systems  as  compared  to  the  prior 
art:  (1)  a  gun  of  minimum  cross  section  to  assure  maxi¬ 
mum  versatility  of  installation  on  shipboard,  vehicle  and 
45  aircraft  mounts;  (2)  an  envelope  that  will  assure  retrofit 
capability  or  single  or  multibarrel  high  performance  30 
or  35  mm  liquid  propellant  guns  in  existing  20  mm  in¬ 
stallations;  (3)  a  mechanism  design  capable  of  employ¬ 
ing  high  density,  low  drag  projectiles  currently  in  the 
50  inventory  or  in  an  advanced  stage  of  development;  (4) 
at  the  30/35  mm  scale — utilization  of  existing  projectile 
designs  (with  only  minor  modifications)  to  eliminate 
immediate  requirements  for  development  of  new  pro¬ 
jectiles,  and  muzzle  velocities  in  excess  of  4000  ft.  per 
55  second  employing  high  sectional  density  projectiles  to 
provide  adequate  standoff,  short  time  of  flight,  and  high 
projectile  payload;  (5)  a  gun  mechanism  construction 
adaptable  to  operation  at  higher  muzzle  velocities  when 
adequate  projectiles  are  available;  (6)  stationary  barrel 
60  construction  with  rotating  cam  feed  mechanism  to  pro¬ 
vide  significant  reduction  in  gun  drive  power  require¬ 
ments  and  quicker  acceleration  to  full  firing  rate;  (7) 
simplified  gun  harmonization  at  all  firing  rates  by  elimi¬ 
nation  of  tangential  projectile  velocity  components 
65  associated  with  rotating  barrel  systems. 

A  further  requirement  which  has  been  placed  on  gun 
development  in  guns  of  this  size  range  is  that  the  gun 
must  be  applicable  across  the  board  to  sea,  air  and 
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ground  needs  for  the  three  services.  These  include  (but 
are  not  limited  to)  small  craft  point  defense,  landing 
craft  armament,  retrofit  of  existing  fixed  wing  aircraft 
and  antiaircraft  and  antivehicle  ground  applications 
where  rate  of  fire  and  configuration  constraints  vary  5 
widely.  Some  missions  require  single  barrel  guns  with 
relatively  low,  adjustable  rates  of  fire  (0  to  1000  rpm). 
Others  involve  multibarrel  installations  at  intermediate 
rates  of  fire  (2000  to  3000  rpm),  and  finally  there  are 
those  which  require  very  high  rates  of  fire  (4000  to  6000  1(5 
rpm).  It  can  be  seen  that  this  range  of  rate  of  fire  indi¬ 
cates  that  automatic  guns  are  needed  from  one  to  eight 
barrels. 

Liquid  propellant  guns  have  a  characteristic  low  peak 
temperature.  Because  a  liquid  propellant  will  ignite  in  15 
the  bulk  mode,  it  can  be  ignited,  as  by  an  electrical  spark 
device  immersed  in  the  liquid  propellant,  without  the 
need  to  vaporize  the  propellant  prior  to  ignition.  Liquid 
propellants  are  high  energy  density  liquids  and  can  be 
burned  in  discrete  pulses  to  produce  high  combustion  20 
pressures.  Pulsed  burning  of  a  liquid  propellant  can 
produce  combustion  pressures  in  the  range  of  10,000  to 
80,000  psi  and  even  higher.  The  magnitude  of  the  aver¬ 
age  combustion  pressure  in  such  pulsed  burning  can  be 
controlled  by  the  amount  of  expansion  permitted. 
Higher  average  combustion  pressures  can  be  produced 
by  permitting  less  expansion. 

The  liquid  propellant  gun  can  produce  a  flatter  com¬ 
bustion  chamber  pressure-time  characteristic  than  a 
solid  propellant  gun.  Hence,  performance  equivalent  to 
a  solid  propellant  gun  can  be  obtained  at  lower  pressure. 
High  cyclic  rates  of  fire  are  possible  with  a  liquid  pro¬ 
pellant  gun.  Because  the  propellant  is  a  liquid,  the  pro¬ 
pellant  can  be  easily  pumped  to  the  firing  chamber  from  3J 
a  storage  area  remote  from  the  gun  itself.  This  permits 
flexibility  of  installation.  Because  the  cartridge  feeding 
system  of  the  liquid  propellant  gun  carries  only  the 
projectile  itself,  the  projectile  feed  system  can  be  simpli¬ 
fied  and  can  be  made  considerably  lighter  in  weight  40 
than  for  a  conventional  gun.  Or,  a  considerably  larger 
projectile  size  and  weight  can  be  used  for  higher  perfor¬ 
mance  without  having  to  increase  the  size  of  the  projec¬ 
tile  feed  mechanism.  This  is  especially  important  in 
permitting  larger  bore  liquid  propellant  guns  to  be  in-  4$ 
corporated  in  retrofit  installations  as  replacements  for 
existing  smaller  bore  solid  propellant  guns. 

Liquid  propellant  guns  also  permit  slim  profiles 
which  provide  desirable  configuration  versatiliry.  Be¬ 
cause  the  liquid  propellant  gun  permits  a  low  profile,  50 
clean  exterior  design,  an  individual  liquid  propellant 
gun  module  or  a  modular  grouping  of  liquid  propellant 
gun  modules  can  be  installed  in  locations  that  would  not 
accomodate  a  conventional  gun. 

It  is  another  important  object  of  the  present  invention  55 
to  incorporate  the  inherent  advantages  of  a  liquid  pro¬ 
pellant  gun  in  a  modular  gun  of  the  kind  incorporating 
a  drive  cam  and  a  control  cam. 

SUMMARY  OF  THE  INVENTION  M 

The  liquid  propellant  gun  of  the  present  invention  is 
a  cam  operated,  externally  driven  gun  constructed  in 
modular  form.  It  has  a  slim  profile,  and  the  operational 
features  of  the  gun  are  arranged  so  that  the  gun  can  be 
readily  incorporated  in  a  variety  of  modular  clusters,  65 
such  as  flat  pack  groupings  and  circular  groupings. 

The  gun  barrel  is  stationary  and  all  combustion  cham¬ 
ber  pressure  loads  on  the  bolt  are  carried  through  the 
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barrel  rather  than  being  carried  through  the  receiver 
with  the  result  that  the  receiver  can  be  made  quite  light. 

The  gun  incorporates  two  cams,  a  drive  cam  and  a 
control  cam. 

The  drive  cam  reciprocates  the  bolt  back  and  forth 
between  the  rearward,  projectile  loading  position  and  a 
forward,  projectile  firing  position.  The  drive  cam  is  a 
hollow  cylindrical  member  having  two  spiral  cam 
tracks  formed  on  the  inside  of  the  drive  cam.  The  first 
spiral  cam  track  engages  a  cam  follower  on  the  bolt  to 
drive  the  bolt  forward,  and  the  other  spiral  cam  track 
engages  the  cam  follower  to  drive  the  bolt  rearward  as 
the  drive  cam  is  rotated  about  the  axis  of  reciprocation 
of  the  bolt. 

The  control  cam  is  located  at  the  front  end  of  the 
drive  cam,  and  the  control  cam  is  also  an  annular  mem¬ 
ber  which  is  rotated  about  the  axis  of  the  bolt.  The 
control  cam  controls  the  injection  of  the  liquid  propel¬ 
lant  into  the  combustion  chamber  and  also  controls  the 
igniter  for  igniting  the  propellant. 

The  drive  cam  is  rotated  faster  than  the  control  cam 
and  has  dwell  or  rest  areas  at  each  end  of  the  drive  cam 
to  provide  the  time  intervals  for  the  projectile  loading 
at  one  end  and  the  propellant  injection  and  firing  at  the 
other  end  of  the  bolt’s  reciprocation. 

The  drive  cam  rotates  the  bolt  in  one  direction  at  the 
end  of  its  forward  travel  to  lock  the  bolt  to  the  barrel, 
and  the  control  cam  rotates  the  bolt  in  the  opposite 
direction  after  firing  to  unlock  the  bolt  from  the  barrel. 

The  axial  sliding  movement  of  the  reciprocating  bolt 
is  guided  by  lugs  on  the  bolt  which  interfit  in  slots  in  the 
barrel  extension  or  receiver  of  the  gun. 

The  cam  follower  of  the  bolt  is  mounted  for  a  limited 
amount  of  radial  movement  with  respect  to  the  bolt  to 
accomodate,  by  outward  movement,  the  bolt  rotation 
required  to  lock  the  bolt  and,  by  inward  movement,  the 
required  dwell  at  the  forward  end  of  the  bolt  travel. 
The  barrel  extension  has  a  cam  surface  that  coacts  with 
the  cam  follower  and  a  dwell  area  at  the  forward  end  of 
the  drive  cam  to  provide  the  required  dwell  in  this  part 
of  the  cycle  of  operation  of  the  gun.  The  control  can 
unlocks  the  bolt  and  returns  the  cam  follower  to  the 
rearward,  spiral  drive  cam  track  at  the  proper  time. 

The  drive  cam  and  the  control  cam  are  driven  in 
synchronism  by  interconnected  gearing,  and  the  drive 
cams  of  adjacent  gun  modules  are  interconnected  by 
idler  gears  for  transferring  drive  from  one  module  to  the 
next. 

The  gun  of  the  present  invention  incorporates  a  water 
cooling  arrangement  in  which  the  control  cam  causes  a 
small  amount  of  water  to  be  injected  into  the  combus¬ 
tion  chamber  after  the  firing  of  each  round.  The  in¬ 
jected  water  is  vaporized  and  converted  to  steam  as  it 
contacts  the  hot  combustion  chamber  structure,  and  this 
produces  a  highly  effective  cooling  of  the  combustion 
chamber  structure. 

The  water  cooling  valving  is  interconnected  with  the 
valving  for  the  propellant  injection  in  a  manner  such 
that  the  combustion  chamber  can  be  completely  filled 
with  water  to  purge  the  combustion  chamber  of  propel¬ 
lant  in  the  event  of  a  misfire. 

The  gun  incorporates  misfire  detection  means  which 
coact  with  the  control  can  to  completely  disengage  the 
control  cam  from  the  drive  so  that  operation  of  the  gun 
module  is  stopped  in  the  event  of  a  misfire. 

Liquid  propellant  gun  apparatus  and  methods  which 
incorporate  the  structure  and  techniques  described 
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above  and  which  are  effective  to  function  as  described 
above  constitute  specific  objects  of  this  invention. 

Other  objects,  advantages  and  features  of  our  inven¬ 
tion  wilt  become  apparent  from  the  following  detailed 
description  of  preferred  embodiments  taken  with  the  S 
accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  I  is  an  isometric  view  of  a  liquid  propellant  gun 
module  constructed  in  accordance  with  one  embodi-  10 
ment  of  the  present  invention; 

FIG.  2  is  an  isometric  view  showing  three  of  the  gun 
modules  of  FIG.  1  grouped  in  a  flat  pack  cluster; 

FIG.  3  is  an  isometric  view  showing  three  of  the  gun 
modules  of  FIG.  1  grouped  in  a  circular  cluster;  15 

FIG.  4  is  a  side  elevation  view  of  the  gun  module 
shown  in  FIG.  1; 

FIG.  5  is  an  enlarged  top  plan  view  of  the  gun  mod¬ 
ule  taken  along  the  line  and  in  the  direction  indicated  by 
the  arrows  5 — 5  in  FIG.  4.  In  FIG.  5  some  parts  are  20 
partly  broken  away  to  show  details  of  construction  and 
FIG.  5 a  is  a  continuation  of  the  left  hand  end  of  FIG.  5; 

FIG.  6  is  a  side  elevation  view  in  cross  section  taken 
generally  along  the  line  and  in  the  direction  taken  by 
arrows  6 — 6  in  FIG.  5  and  FIG.  5 a.  FIG.  6a  is  a  contin-  25 
uation  of  the  left  hand  end  of  FIG.  6.  The  cam  follower 
64  is  shown  rotated  30*  in  FIG.  6  for  better  illustrating 
its  operation.  See  FIG.  13  for  the  true  position  of  this 
cam  follower; 

FIGS.  7-14  are  end  elevation  views  in  cross  section  30 
taken  along  the  lines  and  in  the  directions  indicated  by 
the  correspondingly  numbered  arrows  in  FIG.  6; 

FIG.  15  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  by  the  arrows  15 — 15  in 
FIG.  4;  35 

FIGS.  16-21  are  isometric  views  showing  the  dispo¬ 
sition  of  certain  parts  of  the  gun  in  the  various  phases  of 
operation  indicated  by  the  legends  in  these  figures; 

FIG.  22  is  a  fragmentary,  enlarged  view  of  the  part  of 
the  structure  shown  encircled  by  the  arrows  22—22  in  40 
FIG.  6.  In  FIG.  22  as  in  FIG.  6,  the  cam  follower  is 
shown  rotated  30"  from  its  actual  position  illustrated  in 
FIG.  13; 

FIG.  23  is  a  fragmentary,  enlarged  end  elevation 
view  taken  along  the  line  and  in  the  direction  indicated  45 
by  the  arrows  23 — 23  in  FIG.  22,  but  with  the  cam 
follower  at  the  actual  inclination  illustrated  in  FIG.  13; 

FIG.  24  is  a  fragmentary,  enlarged  end  elevation 
view  taken  along  the  line  and  in  the  direction  indicated 
by  the  arrows  24 — 24  in  FIG.  22  showing  the  cam  fol-  50 
lower  in  the  unlocked  position  in  phantom  outline  and 
in  a  locked  position  in  bold  outline; 

FIG.  25  is  a  fragmentary,  enlarged  bottom  plan  view 
taken  along  the  line  and  in  the  direction  indicated  by  the 
arrows  25 — 25  in  FIG.  23;  55 

FIG.  26  is  a  fragmentary  enlarged  side  elevation  view 
taken  along  the  line  and  in  the  direction  indicated  by  the 
arrows  26 — 26  in  FIG.  5.  FIG.  26  shows  the  positions  of 
the  water  injection  and  the  propellant  injection  control 
valves  during  firing  of  the  gun;  60 

FIG  27  is  a  fragmentary  enlarged  side  elevation  view 
like  FIG.  26  but  showing  the  positions  of  the  water 
injection  and  propellant  injection  control  valves  during 
propellant  loading; 

FIG.  28  is  a  view  like  FIGS.  26  and  27  but  showing  65 
the  positions  of  the  water  injection  and  propellant  injec¬ 
tion  control  valves  during  either  the  combustion  cham¬ 
ber  cooling  or  the  emergency  purge  operations; 
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FIG.  29  is  a  fragmentary,  enlarged  view  of  the  front 
face  of  the  control  cam  and  is  taken  generally  along  the 
line  and  in  the  direction  indicated  by  the  arrows  29 — 29 
in  FIG.  19.  FIG.  29  shows  the  recess  in  the  control  cam 
for  the  control  of  the  propellant  injection,  the  projec¬ 
tion  on  the  control  cam  for  the  water  injection  and  a 
projection  on  the  control  cam  for  controlling  the  opera¬ 
tion  of  the  igniter; 

FIG.  30  is  a  fragmentary  enlarged  plan  view  taken 
generally  along  the  line  and  in  the  direction  indicated 
by  the  arrows  30 — 30  in  FIG.  29; 

FIG.  31  is  a  top  plan  view  showing  five  gun  modules 
assembled  in  a  flat  pack  cluster  together  with  a  drive 
motor  for  the  gun  modules  and  the  projectile  feed  sys¬ 
tem; 

FIG.  32  is  an  end  elevation  view  taken  generally 
along  the  line  and  in  the  direction  indicated  by  the 
arrows  32 — 32  in  FIG.  31.  FIG.  32  shows  the  feeding  of 
specific  projectiles  in  the  endless  conveyor  belt  to  re¬ 
lated  gun  modules; 

FIG.  33  is  an  end  elevation  view  like  FIG.  32  but 
showing  the  projectile  feed  system  for  three  gun  mod¬ 
ules  assembled  in  a  circular  cluster; 

FIGS.  34-39  illustrate  different  cluster  configurations 
for  the  modular  gun  of  the  present  invention  and  illus¬ 
trate  how  projectile  feed  systems  are  associated  with 
these  different  cluster  configurations; 

FIG.  40  is  a  plan  view  showing  a  size  comparison  for 
high  performance  30  mm  liquid  and  solid  propellant 
rounds  of  ammunition  and  also  illustrates  the  relative 
feed  chute  sizes  required; 

FIG.  41  is  a  top  plan  view  showing  a  size  comparison 
of  a  30  mm  liquid  propellant  projectile,  a  conventional 
solid  propellant  20  mm  round  of  an  M61  Vulcan  gun 
and  a  conventional  solid  propellant  round  for  a  30  mm 
Hispan  Suiza  round  type  83 1L.  FIG.  41  illustrates  how 
a  30  mm  liquid  propellant  round  is  approximately  the 
same  overall  length  as  a  conventional  solid  propellant 
20  mm  round  and  how  it  is  therefore  capable  of  being 
substituted  in  conventional  projectile  feed  systems  for 
smaller  20  mm  solid  propellant  rounds  with  a  minimum 
of  retrofit  modifications; 

FIG.  42  is  a  fragmentary  and  elevation  view  showing 
details  of  the  misfire  switch  and  control  cam  shifting 
lug; 

FIG.  43  is  a  fragmentary  side  elevation  view  taken 
along  the  line  and  in  the  direction  indicated  by  the 
arrows  43—43  in  FIG.  42; 

FIG.  44  is  a  schematic  view  of  a  pressure  sensing 
interlock  system  for  stopping  operation  of  a  gun  module 
in  the  event  of  a  drop  in  propellant  feed  pressure. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

A  liquid  propellant  gun  module  constructed  in  accor¬ 
dance  with  one  embodiment  of  the  present  invention  is 
indicated  generally  by  the  reference  numeral  50  in 
FIGS.  1,  4,  5,  6  and  16  through  21. 

The  gun  module  50  includes  a  barrel  52,  a  combustion 
chamber  54,  a  bolt  56,  a  barrel  extension  or  receiver  58, 
a  drive  cam  60,  a  control  cam  62,  a  cam  follower  64,  a 
projectile  loading  mechanism  66  for  loading  projectiles 
from  a  projectile  feeding  mechanism  68,  a  drive  mecha¬ 
nism  70,  propellant  injection  means  72,. water  coolant 
and  purge  means  73,  a  bolt  sear  74,  an  igniter  76,  misfire 
detection  means  78  and  a  misfire  switch  80.  all  as  indi¬ 
cated  generally  by  these  reference  numerals  in  FIGS.  5 
and  6  and  in  other  FIGS,  of  the  drawings. 
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The  gun  module  50  illustrated  in  the  drawings  use  a 
liquid  monopropellant  (i.e.  a  liquid  propellant  that  con¬ 
tains  both  a  fuel  and  an  oxidizer)  in  the  combustion 
chamber  54  for  firing  a  projectile  84.  It  should  be  noted, 
however,  that  many  of  the  features  of  the  present  inven-  5 
tion  are  not  limited  to  a  modular  gun  or  to  a  gun  using 
a  monopropellant,  as  will  become  more  apparent  from 
the  description  to  follow. 

The  bolt  56  is  reciprocable  back  and  forth  between  a 
rearward,  projectile  loading  position  (see  FIG.  16)  and  10 
a  forward,  projectile  firing  position  (see  FIGS.  18,  19 
and  20). 

The  bolt  is  guided  in  this  reciprocating  movement  by 
lugs  86  (see  FIG.  17  and  FIG.  9)  which  slide  within 
guide  slots  88  (see  FIGS.  19  and  11)  in  the  barrel  exten-  15 
sion  58  and  guide  slots  90  (see  FIG.  18  and  FIG.  10) 
extending  through  locking  lugs  92  at  the  rear  end  of  the 
barrel  52. 

The  igniter  76  is  located  in  the  front  face  of  the  bolt 
56  and  comprises  an  electrode  91  (see  FIG.  6  and  FIG.  20 
11)  which  is  energized  when  a  cam  follower  (not  illus¬ 
trated)  is  displaced  by  a  projection  94  on  a  forward 
control  face  96  of  the  control  cam  62  (see  FIGS.  29  and 
30).  Energization  of  the  electrode  91  produces  electrical 
energy  which  ignites  the  liquid  propellant  in  the  com-  25 
bustion  chamber  54  to  fire  the  projectile  84  out  of  the 
barrel  52.  Ignition  can  also  be  accomplished  by  com¬ 
pression  ignition  or  by  injecting  a  chemical  into  the 
propellant.  >. 

The  forward  face  of  the  bolt  56  has  a  seal  96  as  best  30 
illustrated  in  FIG.  6. 

The  rear  end  of  the  bolt  56  has  a  bolt  extension  100 
which  coacts  with  the  projectile  loading  mechanism  68 
to  snap  a  projectile  out  of  a  spring  clip  carrier  in  the 
projectile  feed  mechanism  66  (in  a  way  to  be  described  35 
in  more  detail  below)  when  the  bolt  is  moved  to  the 
rearward,  projectile  loading  position. 

The  bolt  extension  100  also  has  a  detent  102  which  is 
engaged  by  the  pawl  of  the  sear  74  to  hold  the  bolt  in 
the  rearward  position  when  the  gun  trigger  is  off  and  a  40 
sear  solenoid  104  is  deenergized. 

A  sear  actuating  rod  106  is  connected  to  the  rear 
solenoid  104  and  has  a  slot  108  (see  FIG.  6).  A  pin  110 
rides  in  the  slot  108  at  the  lower  end  of  the  pivot  arm 
and  is  connected  at  the  lower  end  of  the  pivot  arm  112  45 
of  the  sear  74.  The  arm  112  pivots  about  a  sear  pivot  114 
which  straddles  the  spring  cavity.  As  illustrated  in  FIG. 

6,  a  spring  116  normally  biases  the  sear  pawl  74  toward 
a  bolt  retaining  position,  but  energization  of  the  sear 
solenoid  104  rotates  the  pawl  74  downward  to  the  bolt  50 
releasing  position  (best  illustrated  in  FIG.  21). 

The  end  face  118  of  the  bolt  extension  100  is  engage- 
able  with  a  face  120  of  a  spring  backed  part  124  which 
actuates  the  projectile  loading  mechanism  66.  The  back 
face  of  the  part  124  provides  a  spring  seat  for  one  end  of  55 
a  bolt  return  spring  126.  (See  FIG.  6).  The  other  end  of 
the  bolt  return  spring  126  is  seated  against  an  inner  face 
of  a  rear  cover  128. 

The  part  124  has  an  upwardly  projecting  flange  129 
which  is  engageable  with  an  actuator  level  130  of  the  60 
projectile  loading  mechanism  66.  The  upper  end  of  the 
actuator  level  130  is  connected  to  a  push  rod  132  by  a 
pin  joint  connection  134,  and  a  spring  136  maintains  the 
lower  end  of  the  actuator  lever  130  in  engagement  with 
the  upwardly  extending  flange  129.  65 

The  front  end  of  the  push  rod  132  is  connected  to  a 
bellcrank  loading  lever  138  by  a  pin  joint  connection 
140.  The  downwardly  extending  arm  of  the  bellcrank 
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projectile  loading  lever  138  is  pivotally  connected  to 
the  barrel  extension  58  by  a  loading  lever  pivot  141. 

The  forwardly  extending  arm  of  the  projectile  load¬ 
ing  lever  138  has  a  lower  end  142  which  is  positioned 
over  an  upper  recess  144  in  a  spring  clip  carrier  146  for 
a  projectile  84.  This  projectile  is  aligned  with  the  upper 
end  of  a  projectile  receiving  passageway  148  in  the 
barrel  extension  58  (see  FIGS.  10  and  11). 

Engagement  of  the  bolt  extension  100  with  the  rod 
120  moves  the  lower  end  of  the  actuator  lever  130  about 
the  pivot  provided  by  the  connection  to  the  spring  1 36 
to  shift  the  rod  132  forward.  This  pivots  the  bellcrank 
138  about  the  pivot  141  and  snaps  a  projectile  84  out  of 
the  spring  clip  carrier  146  of  the  endless  conveyor  belt 
149  (see  FIG.  32)  of  the  projectile  feed  mechanism  68. 

The  projectile  drops  into  the  passageway  148  and 
into  the  bore  in  the  barrel  extension  in  front  of  the  bolt 
56.  Forward  movement  of  the  bolt  56  then  pushes  the 
projectile  up  into  the  barrel  54,  and  the  projectile  84  is 
then  pumped  forward  (to  the  position  illustrated  in 
FIG.  6)  against  the  forcing  zone  150  by  the  liquid  pro¬ 
pellant  injected  into  the  combustion  chamber.  This  will 
be  described  in  greater  detail  below. 

The  barrel  52  is  connected  to  the  barrel  extension  58 
by  cap  screws  152  (see  FIG.  6). 

A  cam  cover  154  is  connected  to  the  barrel  extension 
58  by  cap  screws  156  as  also  shown  in  FIG.  6. 

The  drive  cam  60  has  two  internal,  spiral  shaped,  cam 
paths  160  and  162  which  are  engageable  with  the  cam 
follower  64  for  reciprocating  the  bolt  56  forward  and 
backward  during  operation  of  the  gun.  The  spiral  cam 
track  160  drives  the  bolt  56  forward,  and  the  spiral  cam 
track  162  drives  the  bolt  56  rearward. 

The  drive  cam  60  is  axially  elongated  so  that  the  cam 
angles  are  not  too  high,  and  the  drive  cam  is  rotated 
faster  than  the  control  cam  62. 

As  best  shown  in  FIGS.  1-3  and  31,  the  drive  system 
70  includes  a  drive  motor  164.  The  drive  motor  164 
rotates  an  idler  gear  166,  and  the  idler  gear  166  is  en¬ 
gaged  with  a  gear  168  formed  on  the  outer  diameter  of 
the  drive  cam  60  at  the  rear  end  of  the  drive  cam  60. 

FIG.  15  illustrates  how  this  same  idler  gear  166  is 
used  to  transfer  the  drive  from  one  module  to  an  adja¬ 
cent  module  in  a  cluster  arrangement. 

The  drive  to  the  control  cam  62  is  provided  by  a  jack 
shaft  take  off  gear  170,  a  jack  shaft  172,  a  jack  shaft 
pinion  gear  174,  an  idler  gear  176  ^nd  a  gear  178  formed 
on  the  outer  diameter  of  the  control  cam  62  (as  best 
illustrated  in  FIGS.  6  and  16  through  21).  The  control 
cam  62  is  therefore  rotated  in  a  direction  opposite  from 
that  of  the  drive  cam  60,  as  indicated  by  the  arrows  in 
FIG.  17. 

In  a  particular  embodiment  of  the  present  invention 
the  gear  ratios  are  such  that  the  drive  cam  60  is  rotated 
four  times  as  fast  as  the  control  cam  62. 

The  drive  cam  60  is  mounted  for  rotation  on  the 
barrel  extension  58  by  bearings  180  at  the  rear  end  of  the 
drive  cam  and  181  at  the  forward  end  of  the  drive  cam 
(see  FIG.  6). 

The  control  cam  62  is  mounted  for  rotation  on  a 
surface  182  of  the  barrel  extension  58  and  is  normally 
retained  in  a  fixed  axial  position  with  respect  to  the 
barrel  extension  58  by  two  radially  projecting  cam  lobes 
184  on  the  outer  periphery  of  the  control  cam  62  (see 
FIG.  12).  The  lobes  184  travel  in  an  annular  groove  186 
in  the  barrel  extension  58.  In  normal  operation  of  the 
gun  the  lobes  184  travel  in  the  groove  186  and  the  con¬ 
trol  cam  62  is  maintained  in  the  fixed  axial  position 
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illustrated  in  FIG.  6  with  the  gear  178  engaged  with  the 
gear  176.  However,  the  barrel  extension  58  has  a  re¬ 
lieved  space  188  in  front  of  the  control  cam  which  per¬ 
mits  the  control  cam  to  be  shifted  axially  forward  and 
disengaged  from  the  drive  connection  with  the  idler  5 
gear  176  in  the  event  of  a  misfire,  in  this  condition  of 
operation  as  illustrated  in  FIG.  43  and  as  wilt  be  de¬ 
scribed  in  more  detail  below,  the  misfire  switch  80  en¬ 
gages  one  of  the  cam  lobes  184  to  move  the  control  cam 
62  forward.  The  cam  lobe  that  engages  the  misfire  10 
switch  is  diverted  into  a  dead  end  side  track  187,  and  the 
other  lobe  184  enters  a  relieved  area. 

As  best  illustrated  in  FIGS.  6  and  13,  the  cam  fol¬ 
lower  64  is  a  cylindrical  element  at  the  outer  end  of  a 
rod  190.  The  rod  190  is  mounted  for  axial  movement  in  15 
a  radially  extending  bore  192  at  the  back  end  of  the  bolt 
56.  The  underside  of  the  bolt  56  has  a  recessed  groove 
194,  and  a  leaf  spring  196  is  mounted  in  the  groove  194 
so  as  to  engage  the  lower  end  of  the  rod  190.  The  spring 
196  biases  the  cam  follower  radially  outwardly  and  into  20 
engagement  with  associated  surfaces  on  the  drive  cam 
60  and,  during  part  of  the  time  that  the  bolt  56  is  in  its 
forward  projectile  firing  position,  with  associated  large 
diameter  surface  206  and  smaller  diameter  surface  208 
on  the  barrel  extension  58.  See  FIG.  24.  This  will  be 
described  in  more  detail  below. 

During  forward  driving  movement  of  the  bolt  56,  the 
outer  surface  of  the  cam  follower  64  is  engaged  with  a 
surface  199  of  the  forward  driving  cam  track  160.  See  J0 
FIGS.  6. 17  and  22.  During  rearward  driving  of  the  bolt 
56,  the  outer  surface  of  the  cam  follower  64  is  engaged 
with  a  surface  197  of  the  spiral  cam  track  162. 

The  itrive  cam  60  has  dwell  or  rest  areas  at  the  front 
and  rear  ends  of  the  drive  cam.  The  dwell  areas  provide  35 
turnarounds  at  each  end  of  the  bi-directional  drive  cam. 

The  rear  dwell  area  includes  a  surface  201  which  is 
bounded  by  a  rear,  radially  inwardly  extending  flange 
203  and  a  forward,  inwardly  extending  flange  205.  See 
FIG.  6.  This  dwell  area  at  the  rear  of  the  drive  cam  ^ 
holds  the  bolt  56  in  a  retracted  position  from  the  time 
that  the  cam  follower  64  leaves  the  return  cam  track  162 
until  the  drive  cam  is  rotated  to  a  position  in  which  an 
opening  in  the  forward  flange  205  permits  the  bolt  re¬ 
turn  spring  126  and  part  124  to  shove  the  cam  follower  45 
64  into  the  forward  drive  cam  track  160. 

In  a  particular  embodiment  of  the  present  invention 
(having  the  4  to  1  ratio  of  drive  cam  revolutions  to 
control  cam  revolutions  for  each  cycle  of  operation  as 
noted  above),  the  cam  follower  64  rests  at  the  rear  dwell  50 
area  of  turnaround  for  0.6  turn  of  the  drive  cam  60.  The 
forward  drive  spiral  160  moves  the  cam  follower  for¬ 
ward  for  0.8  turn  of  the  drive  cam  60.  The  cam  follower 
moves  rearward  for  0.8  1  turn  of  the  drive  can  and  rests 
at  a  forward  dwell  area  for  approximately  1 .8  turns  of  the  55 
drive  cam  60. 

When  the  bolt  56  reaches  the  forward  end  of  its 
travel,  it  must  be  rotated  45'  (as  illustrated  in  FIG.  13) 
to  lock  the  lugs  86  on  the  bolt  in  front  of  the  lugs  92  of 
the  barrel  52  (see  FIG.  18).  60 

The  construction  of  the  forward  end  of  the  drive  cam 
60  and  related  structure  of  the  barrel  extension  58  and 
back  face  of  the  control  cam  62  are  best  illustrated  in  the 
enlarged  fragmentary  view  of  FIG.  22. 

As  best  illustrated  in  FIG.  22,  when  the  cam  follower  65 
64  leaves  the  forward  end  of  the  forward  drive  cam 
track  160,  the  back  side  of  the  cam  follower  64  is  posi¬ 
tioned  in  a  forward  dwell  area  198  so  that  continued 
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rotation  of  the  drive  cam  60  cannot  produce  any  contin¬ 
ued  forward  movement  of  the  bolt  56. 

The  drive  cam  60  does,  however,  have  a  slot  200  (see 
FIGS.  22  an  23)  located  at  the  forward,  outlet  end  of  the 
forward  cam  track  160  so  that  the  spring  196  (see  FIG. 
6)  shoves  the  rear  half  of  the  cam  follower  64  outward 
and  into  this  slot  200  as  soon  as  the  forward  reciproca¬ 
tion  of  the  bolt  has  been  completed.  The  rotation  of  the 
drive  cam  60  in  the  clockwise  direction  indicated  by  the 
arrow  in  FIG.  17  then  rotates  the  cam  follower  and  bolt 
45*  to  the  locking  position  illustrated  in  FIG.  18. 

At  the  same  time  that  the  back  half  of  the  cam  fol¬ 
lower  64  moves  into  the  slot  200,  the  front  half  of  the 
cam  follower  64  engages  the  large  diameter  surface  206 
(see  FIG.  24)  of  the  barrel  extension  55.  This  surface 
206  has  a  ramp  206 a  which  decreases  in  diameter,  as  the 
bolt  is  rotated  45'  to  the  locked  position,  until  the  diam¬ 
eter  is  the  same  as  that  of  the  surface  208.  This  ramp 
206c  pushes  the  cam  follower  64  downward  from  the 
outwardly  extended  position  shown  in  phantom  outline 
in  FIG.  24  to  the  retracted  position  shown  in  solid  out¬ 
line  in  FIG.  24. 

The  surface  208  thereafter  engages  the  top  of  the 
front  half  of  the  cam  follower  64  to  retain  the  cam 
follower  64  in  the  retracted  position  and  within  the 
groove  198  of  the  drive  cam  60  until  the  firing  of  the 
projectile  from  the  combustion  chamber  54  has  been 
completed  and  the  bolt  56  is  ready  to  be  rotated  back 
45'  to  an  unlocked  position  and  then  retracted  to  the 
projectile  loading  position  by  engagement  of  the  cam 
follower  64  within  the  rear  drive  cam  track  162. 

While  the  cam  follower  64  is  retained  in  the  retracted 
position  illustrated  in  FIG.  24  by  the  stationary  engage¬ 
ment  of  the  cam  follower  64  with  the  surface  208  at  the 
end  of  the  ramp  206,  the  drive  cam  60  is  of  course  con¬ 
tinuing  to  rotate  with  respect  to  the  cam  follower  64 
with  the  back  half  of  the  cam  follower  64  engaged  in  the 
relieved  area  of  the  recessed  face  198.  At  the  same  time 
the  rear  face  210  of  the  control  cam  62  is  rotating 
counter  clockwise  with  respect  to  the  cam  follower  64, 
as  illustrated  by  the  arrows  in  FIGS.  18  and  19. 

The  rear  face  210  of  the  control  cam  has  a  bolt  un¬ 
locking  and  return  wedge  212  projecting  outwardy 
from  the  rear  face  210.  As  this  wedge  rotates  into  en¬ 
gagement  with  the  cam  follower  64,  it  first  of  all  rotates 
the  cam  follower  and  bolt  45'  counter  clockwise  (as 
viewed  in  FIG.  20)  to  unlock  the  bolt  by  aligning  the 
lugs  86  with  the  slots  90.  Continued  rotation  of  the 
control  cam  62  then  moves  the  cam  follower  64  axially 
to  the  rear  and  into  the  front  inlet  end  of  the  rear  drive 
cam  track  162,  as  this  end  of  the  cam  track  162  opens  to 
the  front  dwell  area  198.  Continued  rotation  of  the  drive 
cam  60  then  reciprocates  the  bolt  56  to  a  rearward, 
projectile  loading  bolt  position. 

The  gun  50  as  illustrated  in  the  drawings  uses  a  liquid 
monopropellant,  i.e.  a  liquid  propellant  having  both  a 
fuel  and  an  oxidizer.  Mixtures  of  hydrazine,  hydrazine 
nitrate  and  water  are  examples  of  monopropellants  that 
may  be  used.  However,  propellants  developed  for  tor¬ 
pedo  application  have  physical,  performance,  handling 
and  safety  characteristics  that  are  well  suited  for  use  in 
the  present  invention.  This  is  understood  since  torpedo 
propellants  must  be  compatible  with  the  long  duration, 
closed  environment  of  a  submarine  where  adverse  char¬ 
acteristics  from  the  standpoint  of  toxicity,  handling  or 
safety  are  completely  intolerable.  The  liquid  propellant 
is  stored,  either  adjacent  to  the  gun  50  or  remotely,  and 
is  conducted  to  the  propellant  injection  means  72  by  a 
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flex  conduit  216  as  shown  in  FIGS.  18  and  19.  The 
propellant  supply  pressure  is  supplied  either  by  pump  or 
by  an  accumulator  subsystem  (not  illustrated).  The  ac¬ 
cumulator  is  preferable  from  the  standpoint  of  being 
effective  in  reducing  pump  volume  requirements  while 
meeting  the  peak  flow  rates  necessary  for  burst  fire.  The 
propellant  supply  system  includes  a  pressure  sensing 
interlock  system  (see  FIG.  44)  which  senses  the  propel¬ 
lant  pressure  by  means  of  a  sensor  and  stops  operation 
of  the  complete  group  (row  or  cluster)  of  gun  modules 
by  closing  a  main  propellant  supply  valve  and  stopping 
operation  of  the  drive  motor  when  the  supply  pressure 
drops  below  an  established  level.  This  prevents  incom¬ 
plete  propellant  filling. 

The  porting  and  valving  arrangement  for  controlling  IS 
the  injection  of  liquid  propellant  into  the  combustion 
chamber  54  is  best  shown  in  FIGS.  5,  8, 18  and  26-28  of 
the  drawings. 

As  best  illustrated  in  FIG.  26,  the  sidewall  of  the 
barrel  52  has  an  axially  extending  bore  218  at  one  side  of  20 
the  combustion  chamber  54,  and  the  propellant  conduit 
216  is  connected  with  a  port  200  at  one  end  of  the  bore. 

A  port  222  connects  the  other  end  of  the  bore  to  drain. 

A  spool  valve  224  is  mounted  for  axial  movement 
within  the  bore  218,  and  the  control  of  the  position  of  25 
the  spool  valve  224  is  provided  by  a  valve  control  rod 
226  which  is  connected  to  the  valve  spool  224  at  one 
end.  The  other  end  of  the  rod  226  is  engaged  with  the 
front  face  96  (see  FIG.  29)  of  the  control  cam  62  and 
acts  as  a  cam  follower. 

A  port  228  connects  the  axial  bore  218  with  the  com¬ 
bustion  chamber  54. 

The  valve  spool  224  has  annular  seals  230  at  each  end 
of  the  spool  and  the  rod  226  is  sealed  by  a  seal  232  as 
illustrated  in  FIG.  26. 

The  cam  face  96  of  the  control  cam  62  is  formed  with 
a  recessed  ramp  234  which  controls  the  duration  of  the 
time  period  for  injection  of  the  liquid  propellant 
through  the  ports  220  and  228.  The  control  rod  226  is 
biased  (by  the  propellant  supply  pressure)  to  the  right  40 
(as  viewed  in  FIG.  26)  so  that  the  cam  follower  end  of 
the  rod  226  is  maintained  in  engagement  with  the  face 
96  of  the  rotating  control  cam  62. 

In  the  firing  position,  the  valve  spool  224  is  posi¬ 
tioned  by  the  control  rod  226  to  block  off  the  port  228  45 
(as  illustrated  in  FIG.  26). 

FIG.  27  illustrates  the  position  of  the  valve  spool  226 
with  respect  to  the  port  228  when  the  recess  234^of  the 
control  cam  62  has  been  rotated  to  a  position  in  which 
the  control  rod  226  first  drops  down  into  the  recess  234.  50 
The  valve  spool  224  is  shifted  to  the  right  in  the  bore 
226  to  open  the  port  228  for  communication  with  the 
port  220,  and  the  liquid  propellant  flows  into  the  com¬ 
bustion  chamber  under  the  pressure  of  the  propellant 
supply  system.  The  pressure  of  the  inflowing  propellant  55 
pumps  the  projectile  84  forward  to  the  position  illur- 
trated  in  FIG.  6a.  The  inclined  ramp  in  the  recess  234 
pushes  the  control  rod  226  leftward  and  back  to  the 
position  illustrated  in  FIG.  26  as  the  cam  follower  end 
of  the  control  rod  226  returns  to  the  plane  of  the  front  60 
face  96  of  the  control  cam  62.  The  amount  of  liquid 
propellant  injected  is  therefore  determined  by  the  pres¬ 
sure  of  the  propellant  supply  system  and  the  length  and 
angular  inclination  of  the  recess  234. 

As  illustrated  in  FIG.  29,  the  front  face  96  of  the  65 
control  cam  62  has  a  projection  94  which  is  engaged  by 
a  spring  biased  cam  follower.  The  electrode  92  is  ener¬ 
gized  as  the  igniter  cam  follower  is  actuated  by  the 
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projection  94  following  the  filling  of  the  combustion 
chamber  54  with  the  liquid  propellant. 

A  very  important  feature  of  the  present  invention  is 
the  internal  water  cooling  provided  by  the  coolant  in- 
5  jection  means  73. 

The  coolant  injection  means  73  inject  a  small  quantity 
of  water  directly  into  the  firing  chamber  54  between 
rounds.  Since  water  impinges  directly  on  the  heated 
gun  bore  surfaces,  high  heat  transfer  rates  are  realized. 
10  The  effectiveness  of  the  internal  water  cooling  permits 
a  significant  increase  in  burst  length  and  frequency  in 
the  case  of  an  automatic  gun  fired  at  high  cyclic  rates 
and  permits  a  significant  increase  in  the  length  of  the 
duty  cycle  of  guns  used  at  lower  cyclic  rates  such  as  in 
common  excavation. 

In  a  specific  embodiment  of  the  present  invention 
water  is  used  as  the  cooling  liquid  because  it  has  a  high 
heat  of  vaporization  and  is  readily  available.  Other 
liquid  coolants  can  of  course  be  used,  but  the  descrip¬ 
tion  to  follow  will  be  directed  specifically  toward  the 
use  of  water  as  the  coolant  liquid. 

One  embodiment  of  the  valve  structure  for  accom¬ 
plishing  the  internal  water  cooling  is  illustrated  in 
FIGS.  5  and  26-28.  As  illustrated  in  these  drawings,  the 
wall  of  the  gun  barrel  52  has  an  axially  extending  bore 
236.  A  valve  spool  238  is  mounted  for  reciprocation 
within  the  bore,  and  the  valve  spool  has  seals  240  at 
each  end. 

A  water  inlet  port  242  is  connected  to  one  end  of  the 
30  bore  236  and  a  hose  is  attached  to  this  port  242  to  con¬ 
nect  the  port  to  a  pressurized  water  supply  system. 

A  port  244  connects  the  bore  236  to  the  combustion 
chamber  54. 

The  valve  spool  238  is  connected  directly  to  the 
35  valve  spool  224  through  an  extension  of  the  rod  226  so 
that  the  water  coolant  valve  spool  238  moves  in  unison 
with  the  propellant  injection  valve  spool  224. 

Seals  246  and  248  seal  off  the  part  of  the  rod  226 
extending  between  the  bores  236  and  218. 

In  the  firing  position  of  the  valve  spools  (as  illustrated 
in  FIG.  26)  the  valve  spool  236  blocks  flow  of  water 
into  the  port  224  and  flow  of  combustion  gases  out  of 
the  port  244. 

Similarly,  the  water  injection  valve  spool  238  is  posi¬ 
tioned  in  the  propellant  loading  position  illustrated  in 
FIG.  27  to  block  flow  through  the  port  244. 

However,  immediately  after  firing,  the  control  cam 
62  rotates  to  a  position  in  which  a  projection  250  shifts 
the  control  rod  226  leftward  (as  viewed  in  FIG.  28)  by 
an  amount  sufficient  to  open  the  port  244.  This  projec¬ 
tion  250  permits  a  short  time  period  for  the  injection  of 
coolant  water  into  the  combustion  chamber  (through 
the  passageway  provided  by  the  ports  242,  the  bore  236 
and  the  port  244)  before  the  cam  follower  end  of  the 
control  rod  226  moves  down  off  the  projection  250  and 
back  onto  the  plane  of  the  face  96.  This  small  amount  of 
water  is  vaporized  by  the  hot  wall  structure  of  the  com¬ 
bustion  chamber  and  turned  to  steam.  During  this  water 
injection  period,  the  port  228  may  be  maintained  closed 
by  the  land  224  or,  depending  on  the  size  of  the  projec¬ 
tion  250,  the  port  228  may  also  be  opened  for  venting  of 
gas  and  steam  from  the  combustion  chamber  (through 
the  port  228  and  the  bore  218  and  the  vent  port  222). 

Thus,  immediately  after  firing  each  round,  the  cool¬ 
ant  injection  means  73  are  opened  and  a  metered  quan¬ 
tity  of  water  is  injected  directly  on  the  forward  portion 
of  the  combustion  chamber  54.  The  water  spray  is  di¬ 
rected  toward  the  combustion  chamber  surfaces  of  the 
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gun.  The  quantity  of  water  is  metered  to  insure  that 
virtually  all  of  it  is  converted  to  steam. 

The  next  projectile  84,  in  the  process  of  being  loaded 
and  pumped  forward  in  the  chamber,  pushes  any  steam 
and  water  remaining  in  the  chamber  ahead  of  the  pro-  5 
jectile  into  the  barrel.  After  firing,  the  residuals  are 
forced  out  of  the  barrel  by  the  projectile  as  it  traverses 
the  bore. 

If  the  distribution  of  the  water  vapor  in  the  bore  is 
assumed  to  be  the  same  as  the  normal  products  of  com-  10 
bustion  of  a  liquid  propellant,  the  weight  of  gas  (vapor) 
being  pushed  out  by  the  projectile  is  slightly  less  than 
that  for  a  conventional  solid  propellant  round.  This 
results  from  the  somewhat  lower  molecular  weight  of 
liquid  propellant  combustion  products  and  that  of  the  15 
water  vapor. 

The  internal  water  cooling  is  optimized  to  inject  no 
more  water  than  is  vaporized.  Hence,  there  is  no  pen¬ 
alty  for  acceleration  inert  mass.  The  water  injected  is 
controlled  by  the  dwell  of  the  surface  250  of  the  control  ^ 
cam  62. 

Heating  and  cooling  of  a  gun  barrel  bore  surface  is 
highly  transient.  The  analysis  of  the  instantaneous  heat 
transfer  process  is  complex  and  methods  for  accurately 
determing  the  heat  transfer  coefficient  controlling  the  25 
process  are  not  well  established.  However,  the  follow¬ 
ing  example,  based  on  average  conditions,  does  illus¬ 
trated  the  effectiveness  of  the  internal  water  cooling. 

Considering  a  35  mm  4,000  ft/sec  muzzle  velocity 
liquid  propellant  gun,  the  significant  characteristics  are:  30 

Projectile  Weight — 1.2  lb. 

Muzzle  Velocity — 4,000  ft/sec. 

Propellant  Charge — 1  lb. 

Projectile  Muzzle  Kinetic  Energy— 298,000  ft.-lb. 

Firing  Rate— 750  rounds  per  minute  ' 

Estimates  of  barrel  heating  per  round  are  calculated 
using  the  criteria  established  by  Corner1  where  the  heat 
loss  Q  is: 

Q  =  X(JW,V2)  40 

W|  =  “Effective”  Mass  of  the  projectile 

V  =  Muzzle  velocity 

X=0.3  (maximum  value) 

l"Thcory  of  ihe  Interior  Ballistics  of  Guns”.  J.  Comer.  Pg.  141.  John  45 
Wiley  Ac  son. 

For  the  characteristics  of  the  35  mm  4,000  ft/sec 
LPG,  Q=  124,000  ft.-lb.  (or  161  B.t.u.). 

Gun  barrel  cooling  is  accomplished  by  direct  water 
injection  on  the  interior  heated  surfaces.  Assuming  ini-  50 
tial  water  temperature  to  be  70’  F.,  the  heat  absorption 
capability  of  the  injected  water  (including  specific  heat 
and  heat  of  vaporization)  is  approximately  1,110 
B.t.u. /lb.  The  quantity  of  water  required  for  complete 
cooling  after  each  round  is  then  55 

161  B  l  u  /round  . , ,  lh.H;Q 
=  1 1 10  B  t  u./lb  HjO  round 

In  a  rapid  fire  automatic  weapon,  the  time  available  60 
for  cooling  between  rounds  is  limited  by  heat  transfer 
rate.  At  a  firing  rate  of  750  rounds  per  minute,  the  cycle 
time  per  round  is  80  milliseconds. 

The  heat  transfer  rate  can  be  estimated  from  the  fol¬ 
lowing:  65 

q=hAAT 

q  -  rate  of  heat  transfer  B.t.u. /hr. 

h  =  heat  transfer  cooefficient  B.t.u. /hr.  of  ft2 


A = area  ft2 

AT = temperature  difference  *F. 

For  estimating  the  heat  transfer  rate,  the  following 
assumptions  are  made: 

(a)  AT 

Bore  surface  temperature  rises  of  1,200*- 1,400*  F.  in 
one  millisecond  have  been  measured  in  liquid  propellant 
guns  at  the  origin  of  rifling.  Since  rapid  injection  of 
cooling  water  immediately  after  firing  is  involved  in  the 
present  method,  large  average  temperature  differences 
will  exist  during  the  cooling  process.  Here  a  conserva¬ 
tive  AT  of  500*  F.  is  assumed. 

(b)  Area 

The  chamber  bore  surface  area  is  0.375  ft2.  It  is  as¬ 
sumed  that  the  injected  cooling  water  is  effectively 
sprayed  over  an  area  at  least  equivalent  to  this,  there¬ 
fore,  the  effective  area  is  assumed  to  be  0.375  ft2. 

(c)  Heat  Transfer  Coefficient 

Water  sprayed  against  hot  surfaces  boils  violently  and 
is  rapidly  vaporized.  Boiling  heat  transfer  coefficients 
are  quite  high.  Coefficients  of  .300,000  B.t.u./hr.ft2  °F. 
are  common.  Here,  the  heat  transfer  coefficient  conser¬ 
vatively  is  assumed  to  be  250,000  B.t.u./hr.ft2*F. 

Based  on  these  considerations,  the  rate  of  heat  transfer 
is  estimated  to  be: 


q  =  (250.000  -—f- — )  (.365  ft2)  (500-  F.)  =  4.7. 107  or 

hr.  fl2’F.  hr 

1.3  X  lO4-®^- 
sec 

Since  complete  cooling  per  round  requires  removal  of 
161  B.t.u.  the  required  cooling  time  is: 


r 


161  B.t.u. 


1.3. 104 


B.t.u. 

sec 


12.4  milliseconds 


With  a  total  cycle  time  per  round  of  80  milliseconds 
there  is  ample  cooling  time  available. 

The  above  example  is  idealized  in  that  perfect  distri¬ 
bution  of  the  cooling  water  over  the  heated  surfaces  is 
assured.  While  complete  cooling  is  not  usually  attained 
in  practice,  a  substantial  portion  of  the  heat  imparted  to 
the  gun  is  removed.  This  has  a  major  impact  on  firing 
schedule  and  gun  system  effectiveness. 

FIG.  28  illustra  »  the  disposition  of  the  valve  spools 
238  and  224  in  the  event  of  a  misfire,  when  it  is  desired 
to  purge  the  combustion  chamber  54  of  all  liquid  pro¬ 
pellant  within  the  combustion  chamber.  In  this  event, 
the  entire  control  cam  62  is  shifted  axially  forward  by 
the  misfire  detection  switch  80,  and  this  shoves  the 
control  rod  226  leftward  to  the  position  illustrated  in 
FIG.  28  where  the  valve  spools  238  and  224  are  held  in 
the  positions  illustrated.  The  coolant  water  flows  con¬ 
tinuously  into  the  combustion  chamber  through  the 
coolant  inlet  port  244,  fills  the  combustion  chamber  54 
completely  with  water,  and  purges  out  all  of  the  liquid 
propellant  through  the  port  228  and  the  vent  222. 

A  timing  device,  not  illustrated,  shuts  off  the  flow  of 
water  through  the  hose  241  (see  FIG.  7)  after  a  period 
of  time  sufficient  to  insure  complete  purging  of  the 
combustion  chamber. 

As  described  above  in  this  specification,  the  misfire 
switch  80  is  controlled  by  the  misfire  detection  means 
78  (see  FIG.  5). 

The  misfire  detection  means  78  include  a  gas  piston 
252  mounted  for  reciprocation  within  a  cylinder  254 
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and  spring  biased  by  a  spring  256  rightward  (as  viewed 
in  FIG.  5)  to  the  position  illustrated  in  FIG.  5  where  a 
flange  258  engages  a  snapring  stop  260. 

A  connecting  rod  262  connects  the  gas  piston  252  to 
the  misfire  switch  80  so  that  the  misfire  switch  80  is  5 
normally  spring  biased  to  the  position  illustrated  in 
FIG.  5  in  which  the  misfire  switch  80  is  axially  aligned 
with  the  lobes  184  on  the  control  cam  62. 

A  port  264  connects  the  bore  of  the  barrel  52  with  the 
interior  of  the  cylinder  254  at  the  back  face  of  the  gas  10 
piston  252. 

A  vent  port  266  is  located  in  the  sidewall  of  the  cylin¬ 
der  to  vent  the  interior  of  the  cylinder  254  to  atmo¬ 
sphere. 

As  a  projectile  is  fired  from  the  gun,  the  pressurized  13 
gases  behind  the  projectile  flow  through  the  port  264  to 
momentarily  move  the  gas  piston  252  forward  (leftward 
as  viewed  in  FIG.  5)  within  the  cylinder  254.  This  pulls 
the  misfire  switch  80  forward  and  out  of  alignment  with 
the  lobe  184  on  the  control  cam  long  enough  to  let  this  20 
lobe  rotate  past  the  misfire  switch  without  engaging  the 
misfire  switch  80. 

However,  if  there  is  a  misfire,  the  gas  piston  252 
remains  stationary  and  the  misfire  switch  80  engages  the 
cam  lobe  184  to  divert  the  cam  lobe  into  a  dead  side  23 
track  187  (see  FIG.  43  and  FIG.  6)  while  the  other  cam 
lobe  184  enters  a  relieved  area.  This  moves  the  control 
cam  62  axially  forward  in  the  recess  188  (see  FIG.  6)  to 
disengage  the  gear  178  from  the  idler  gear  176,  and  the 
rotation  of  the  control  cam  62  is  stopped.  30 

The  timing  of  this  action  leaves  the  bolt  56  in  a  locked 
position  with  the  breach  closed. 

In  addition,  as  pointed  out  above,  forward  motion  of 
the  control  cam  62  pushes  the  propellant  fill  valve  224 
forward,  exposing  the  combustion  chamber  fill  port  228  35 
to  the  port  222  at  the  rear  of  the  bore  218  to  permit 
purging  of  the  liquid  propellant  from  the  combustion 
chamber  54.  At  the  same  time  the  water  inlet  valve  238 
is  moved  forward  to  open  the  water  injection  port  244, 
and  water  is  purged  through  the  combustion  chamber  <0 
54  to  prevent  cook  off  and  to  make  the  round  inert. 

The  control  cam  disengagement  disables  that  particu¬ 
lar  gun  module  but  it  does  not  disable  the  drive  cam 
power  train.  Therefore,  other  modules  in  the  banked 
row  or  cluster  continue  to  operate  and  fire.  Operation  in  45 
this  limited  condition  can  continue  until  servicing.  Pro¬ 
jectiles  intended  for  loading  but  passing  over  the  dis¬ 
abled  module  are  ejected  at  the  end  of  the  feed  system 
transfer  region. 

If  a  projectile  is  missing  at  the  feed  system  conveyor,  50 
a  mechanical  interlock  system  leaves  a  retainer  in  the 
path  of  the  propellant  fill  valve  224  to  prevent  the  valve 
from  opening.  As  the  module  continues  in  a  cycle  of 
operation,  a  pseudo  misfire  occurs,  and  the  module  is 
disabled  as  described  above.  55 

Since*"complete  propellant  filling  depends  on  fluid 
pressure  in  the  propellant  supply  system  with  the  mono¬ 
propellant  injection  system  described  above,  insuffi¬ 
cient  pressure  of  the  propellant  supply  system  could 
result  in  incomplete  propellant  filling.  In  the  present  60 
invention  when  the  supply  pressure  inadvertently  drops 
below  an  established  level,  a  pressure  sensing  interlock 
system  (see  FIG.  44)  stops  operation  of  the  complete 
group  (row  or  cluster  of  modules). 

The  projectile  feed  system  is  best  shown  in  FIG.  31.  65 

The  projectile  feed  mechanism  68  employs  a  short 
endless  conveyor  149  which  is  driven  by  a  sprocket 
drive  270  from  the  drive  motor  164. 
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As  best  illustrated  in  FIG.  32,  the  conveyor  140  mates 
with  a  transfer  mechanism  272  to  accept  projectiles  84 
from  a  conventional  belt  or  linkless  feed.  The  transfer 
mechanism  272  includes  a  shifting  device  which  selects 
from  separate  projectile  supplies  to  switch  types  of 
ammunition.  The  spring  clip  cradles  146  are  the  primary 
elements  of  the  conveyor  149.  The  tangs  on  the  ends  of 
the  spring  clip  cradles  slide  in  guide  grooves  in  the 
conveyor  frame.  The  cradles  are  coupled  to  form  an 
endless,  flexible  chain. 

Two  configurations  of  the  conveyor  149  are  illus¬ 
trated  in  FIGS.  31-32  and  in  FIG.  33.  In  FIGS.  31  and 
32  a  flat  conveyor  passing  over  a  banked  row  of  mod¬ 
ules  is  illustrated  and  in  FIG.  33  a  circular  conveyor 
wrapping  around  a  cluster  of  three  modules  is  illus¬ 
trated. 

The  flat  conveyor  configuration  shown  in  FIGS.  31 
and  32  demonstrates  the  loading  scheme  of  the  present 
invention  which  depends  on  a  unique  sequencing  ar¬ 
rangement.  In  FIG.  32  a  banked  row  of  five  modules 
served  by  the  conveyor  149  are  indicated  by  the  refer¬ 
ence  numerals  1-5.  The  projectiles  84  move  along  the 
conveyor  from  right  to  left  and  are  numbered  in  groups 
of  five,  e.g.  (5, 4, 3, 2, 1)  (10, 9, 8, 7, 6),  etc.  The  modules 
are  also  numbered  (5,  4,  3,  2,  1)  and  are  loaded  in  the 
sequence  1  through  5  and  fire,  of  course,  in  the  same 
sequence.  Center-to-center  spacing  of  the  projectiles  in 
the  conveyor  (1.75  in.  for  30  mm)  is  }  the  center — cen¬ 
ter  spacing  of  the  modules  (3.S  in.  for  30  mm). 

Assume  projectile  1  is  at  the  loading  position  for 
module  1.  The  loading  lever  on  the  module  kicks  the 
projectile  out  of  the  conveyor  and  into  the  module.  The 
conveyor  travels  1.75  inches  between  loadings.  Projec¬ 
tile  2  as  1.75  inches  away  from  the  loading  position  for 
module  2  at  the  start  but  has  now  arrived  in  position  and 
is  loaded.  Projectile  3  is  now  1.75  inches  away  from  the 
module  3  and  will  arrive  at  the  loading  position  on  time. 
The  loading  progresses  until  projectile  5  is  loaded  in 
module  5,  this  projectile  having  moved  7.0  inches  while 
the  other  projectiles  were  loading.  By  the  time  projec¬ 
tile  5  has  been  loaded,  projectiles  10,  9,  8,  7  and  6  have 
moved  into  positions  occupied  by  projectiles  5,  4,  3,  2 
and  1  at  the  start.  The  process  continues  in  perfect  time, 
with  projectile  6  loading  into  module  1,  projectile  7 
loading  into  module  2,  etc.  This  loading  scheme  applies 
to  any  number  of  modules. 

The  circular  conveyor  for  a  cluster  of  three  modules, 
shown  in  FIG.  33,  uses  the  same  loading  scheme  as 
described  above.  Since  the  conveyor  is  circular,  the 
cradles  can  take  the  form  of  pockets  in  a  wheel-like 
structure.  A  minimum  of  six  cradles  or  pockets  are 
needed  to  properly  feed  the  cluster.  Nine  pockets  are 
shown  in  FIG.  33  to  reduce  the  rotational  speed  of  the 
conveyor  and  the  centrifugal  force  imposed  on  the 
projectiles,  thus  reducing  the  force  that  must  be  exerted 
by  the  projectile  loading  levers  at  the  modules. 

Other  cluster  configurations  as  illustrated  in  FIGS. 
34-39  are  readily  arranged  and  serviced  by  the  projec¬ 
tile  loading  mechanism  68  as  described  above. 

The  modular  system  of  the  present  invention  can 
accomodate  recoil  adapters  similar  to  those  on  the  M-61 
gun  to  reduce  recoil  forces.  A  banked  row  or  cluster  or 
modules  can  be  supported  mutually  at  the  breach  end  of 
the  barrels  by  a  bracket  structure  that  receives  a  pair  (or 
more)  of  recoil  adapters.  An  additional  bracket  struc¬ 
ture  mutually  supports  the  rear  of  the  modules  and 
engages  a  short  fixed  slide  to  accomodate  recoil  travel. 
The  latter  bracket  includes  a  provision  for  boresighting. 
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The  impact  of  caseless  operation  on  gun  design  is  best 
illustrated  in  FIG.  41  which  compares  a  30  mm  liquid 
propellant  modular  gun  projectile  with  a  conventional 
20  mm  round  for  the  M-61  gun.  Due  to  the  similarity  in 
length  and  diameter  between  the  liquid  propellant  pro¬ 
jectile  and  the  solid  propellant  round,  it  is  feasible  to 
directly  substitute  the  30  mm  projectile  for  the  existing 
20  mm  cartridge.  Some  modifications  are,  of  course, 
required  due  to  slight  differences  in  configuration  but 
the  overall  volume  is  substantially  the  same. 

FIG.  40  compares  the  diameters  of  a  liquid  propellant 
modular  gun  projectile  in  a  30  mm  size  with  the  car¬ 
tridge  and  projectile  size  for  a  conventional  30  mm  solid 
propellant  round.  This  figure  graphically  illustrates  the 
space  and  weight  savings  which  can  be  achieved  for  the  IS 
projectile  feed  systems  in  the  30  mm  gun  size  with  the 
liquid  propellant  modular  gun  of  the  present  invention. 

While  we  have  illustrated  and  described  the  preferred 
embodiments  of  our  invention,  it  is  to  be  understood 
that  these  are  capable  of  variation  and  modification,  and  20 
we  therefore  do  not  wish  to  be  limited  to  the  precise 
details  set  forth,  but  desire  to  avail  ourselves  of  such 
changes  and  alterations  as  fall  within  the  purview  of  the 
following  claims. 

We  claim: 

1.  A  drive  cam  for  reciprocating  a  bolt  back  and  forth 
between  a  rearward,  projectile  loading  position  and  a 
forward,  projectile  firing  position  in  a  gun,  said  drive 
cam  comprising, 

a  hollow  cylindrical  member  having  a  longitudinal  30 
axis  disposed  parallel  to  the  axis  of  reciprocation  of 
the  bolt  and  mounted  for  rotation  about  said  longi¬ 
tudinal  axis, 

a  first  spiral  cam  track  formed  on  the  inside  of  the 
hollow  cylindrical  member  and  engageable  with  a  35 
cam  follower  on  the  bolt  to  drive  the  bolt  forward, 
and 

a  second  spiral  cam  track  separate  from  the  first  spiral 
cam  track  and  formed  on  the  interior  of  the  hollow 
cylindrical  member  and  engageable  with  the  cam  40 
follower  of  the  bolt  to  drive  the  bolt  rearward  and 
wherein  the  hollow  cylindrical  member  includes 
dwell  area  means  at  the  front  and  rear  for  permit- 
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ting  rotation  of  the  hollow  cylindrical  member 
without  producing  axial  movement  of  the  bolt. 

2.  The  invention  defined  in  claim  1  including  gear 
teeth  on  the  outer  periphery  of  the  hollow  cylindrical 

5  member  at  one  end  of  the  hollow  cylindrical  member 
for  engagement  with  a  driving  gear. 

3.  A  drive  cam  for  reciprocating  a  bolt  back  and  forth 
between  a  rearward,  projectile  loading  position  and  a 
forward,  projectile  firing  position  in  a  gun,  said  drive 

10  cam  comprising, 

hollow  cylindrical  member  having  a  longitudinal 
axis  disposed  parallel  to  the  axis  of  reciprocation  of 
the  bolt  and  mounted  for  rotation  about  said  longi¬ 
tudinal  axis, 

first  spiral  cam  track  formed  on  the  inside  of  the 
hollow  cylindrical  member  and  engageable  with  a 
cam  follower  on  the  bolt  to  drive  the  bolt  forward, 
second  spiral  cam  track  formed  on  the  interior  of 
the  hollow  cylindrical  member  and  engageable 
with  the  cam  follower  of  the  bolt  to  drive  the  bolt 
rearward,  and  including  a  bolt  mounted  for  recip¬ 
rocation  within  the  interior  of  the  hollow  cylindri¬ 
cal  member,  said  bolt  having  a  radially  projecting 
cam  follower  at  one  end  of  the  bolt  and  mounted 
for  sliding  movement  radially  inward  and  radially 
outward  of  the  bolt,  and  biasing  means  for  biasing 
the  cam  follower  radially  outward  of  the  bolt. 

4.  The  invention  defined  in  claim  3  wherein  the  hol¬ 
low  cylindrical  member  includes  dwell  area  means  at 
the  front  and  rear  for  permitting  rotation  of  the  hollow 
cylindrical  member  without  producing  axial  movement 
of  the  bolt  and  wherein  the  forward  dwell  area  means 
includes  a  radially  extending  slot  having  sidewalls  en¬ 
gageable  with  the  cam  follower  for  rotating  the  bolt  to 
a  locked  position. 

5.  The  invention  defined  in  claim  4  including  receiver 
cam  means  associated  with  the  forward  dwell  area 
means  and  cam  follower  for  moving  the  cam  follower 
radially  inward  of  the  bolt  and  out  of  engagement  with 
the  sidewalls  of  the  slot  after  the  bolt  has  been  rotated  to 
the  locked  position. 
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LIQUID  FUEL  CATAPULT 

Cclln  M.  Haluu,  Arlington,  Vm_  i.s-dgnor  to  the  United 

bruits  of  America  u  itpn«m  d  jy  the  Secretary  A 

the  Army 

Filed  Noe.  19, 1952,  Ser.  No.  321,534 
1  Claim.  (CL  89—7) 

(Grated  coder  Tt  .  VS.  Code  (1952),  tee.  206) 

The  invent  ion  described  in  the  specification  end  claim 
may  be  manufactured  and  used  by  or  for  the  Government 
for  governin'  nta!  purposes  without  the  payment  to  me 
of  any  rcyait;  thereon. 

This  inven.tou  i dates  to  guns  and  in  particular  to  a 
novel  system  for  propelling  projectiles  from  gun  barrels 
or  tubes. 

In  i  yen,  when  the  charge  is  fired,  the  gat  pressure  im- 
meli.te'y  begins  to  rise  in  t  ie  powisr  chamber.  The 
projectile  at  first  remains  st  iorary  because  of  the  fric¬ 
tion  ft  with  the  bore  but  b.  .end  a  certain  pressure  the 
friction  bon !  is  br./ten  an  the  projectile  begins  to  mote 
forward  in  the  tore.  T.iis  mo'  erueut  tends  to  relieve  the 
pressure  by  nceasirg  the  volume  within  which  the  gases 
may  expand  But  the  buraia  :  of  the  charge  is  not  in¬ 
stantaneous  snd  the  pov.r.er  continues  to  hum  and  evolve 
gases  as  thi  firojectiie  U'cvcs.  As  lonj  t:  ■  e  projectile  is 
in  the  bore  if  is  rote  1  upoo  by  a  fairly  r  yh  pressure  which 
reaches  a  maximum  at  some  point  b: .  eea  its  original 
position  and  the  muzzle  and  functions  .s  an  accelerating 
force.  The  point  in  the  here  at  which  the  projectile  is 
driven  by  maximum  pressure  is  deterr  I  :t  *  ry  a  number 
of  factors  and  in  many  cf  he  prior  .  t  j  ins.  this  point 
is  about  a  foot  its  advance  if  the  pen  der  cliamber.  As 
will  later  more  fully  be  exp.  lined  my  inven  iod  will  yield 
a  substantial  advance  in  th-  art  of  pr.mdlatts  by  provid- 
i--  a  controlled  me  of  p re- sure  geuimticn  leading  to 
iii  ber  projectile  velocities  at  ':wer  ;v  ik  pressure. 

ft  is  a  broad  object  r. t  my  itrvrt  >cn  :c  improve  on 
tl  i  weapons  now  in  css. 

t  is  a  litnbei  :  l-'  mere  part.  -ular  ubjec  of  my  invtv 
lion  to  provide  a  A'-  .n  f  t  prep-  tiling  projectiles  in  which 
highly  reactive  !•  iaii  cl  .ii'rals  vine  used  in  place  of  the 
conventional  sol  ,  pmpednr.  s. 

It  is  a  stiil  fu.t.  cr  otiect  :t  try  inventjpn  to  provide  a 
reactive  chemicrl  weapon  ■  tich  a  ccmpletrly  safe  to  op¬ 
erate.  and  is  reli.\i>: ;  in  Me. 

Other  objects  nl  -he  .n>t-  ion  w  .11  be  evident  from  the 
following  de*.r.:rtic •<  ar  1  tl:-.  ippenJed  drawings  in  which: 

Figure  1  is  i  fnjirt’.rarj  longitudinal  section  view  of 
-ny  novel  wear  -in. 

Figure  2  ij  a  W  ,r.  view  ti-ten  along  lines  2 — 2  of 
rigurc  1  and  inodr  t  in  the  direction  of  the  arrows. 

Figure  3b;  seed  n  view  take"  alo-iit  lines  3—3  of  Fig¬ 
ure  I  and  loci  rg  in  the  direction  of  the  arrows. 

Figure  4  is  a  lragn.tnt.-iry  lorcitudical  section  view  of 
H  r  >1  er  species  o:  my  novel  weapon. 

i  rure  5  is  a  secticn  view  taken  cm  lines  5 — 5  of  Figure 
4  ri  J  looking  in  the  diteCiop  of  the  arrows. 

F  jure  6  is  a  frag-  >>  ntary  Icmgit’idinal  section  view  of 
•ti  1  another  species  c  a  1 1  •’entiot. 

Figure  7  is  a  sccti-,.1  :  s  •  taken  i  n  lines  7—7  of  Fir 
urc  6  and  looking  in  tl  e  lirection  of  the  arrows. 

Described  brirfly  mv  invention  consist?  of  a  system 
v/hereby  self  ignitisg  caemxals  may  be  irtir.ately  inter¬ 
mixed  so  that  their  spantaneous  reach??  produces  tbr 
pressures  lor  projectile  ejection  and  fligut. 
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In  the  specification  and  in  the  claim  appended  thereto 
the  word  "hypergolie”  is  intended  to  be  used  as  defined  in 
the  Dcfeass  Department's  Glowary  of  Guided  Missile 
Terms,  ‘Capable  of  igniting  spontaaemwly  upon  coo- 

9  tact.- 

Referring  now  mom  particularly  to  Figure  1,  wherein 
*  cartridge  is  used  for  the  pressure  source  reference  char¬ 
acter  1  indicates  generally  a  breech  Mock  bavin?  at  the 
forward  end  thereof  a  barrel  or  tube  2  tinea dediy  received 

10  in  a  cavity  and  aligned  with  n  combustion  chamber  A 
P'jsages  4  snd  5  lead  from  chamber  3  on  opposed  sides 
thereof  snd  hold  cylinders  5  therein.  The  cylinders  are 
each  provided  with  an  orifice  9  in  the  end  wall  proximate 
the  combustion  chamber  which  orifice  is  normally  covered 

Id  with  a  frangible  plug,  and  have  a  piston  7  for  a  purpose 
that  will  presently  appear.  The  bores  4  and  5  are  closed 
at  their  distal  ends  by  plugs  12  which  may  be  removed 
to  insert  the  cylinders  in  a  loading  operation.  Leading 
rearwardly  from  the  outer  portion  of  bores  4  and  5  are 
SO  two  arms  13,  14  of  a  forked  cavity  terminating  in  a 
cartridge  chamber  having  nested  therein  a  cartridge  IS. 
A  plug  16  slidable  in  breech  Mock  1  has  a  fitting  eye  17 
tlereon  and  carries  a  spring  biased  firing  pin  18  <o  ar- 
ringed  that  when  the  plug  it  properly  seated  in  the  breech 
S3  block  the  firing  pin  is  aligned  with  the  primer  in  the 
ertridee. 

The  several  injector  cylinders  6  are  adapted  to  receive 
the  kypergoiic  fluids.  !a  general  a  reactive  fuel  19  it 
contained  in  one  cylinder  and  an  oxidizer  28  is  contained 
30  in  the  other.  Specific  examples  of  such  combinations 
that  have  been  successfully  used  are  hydruzine  (N,H,) 
with  hydrogen  peroxide  (H-Oz),  and  hydrazine  with  nitric 
acid.  It  will  be  understood  however  that  the  above  ex¬ 
amples  are  Olustrarive  only  and  my  invention  contem- 
35  pistes  the  me  of  any  and  all  substances  and  com  pc  jnds 
that  react  spontaneously  and  violently  upon  contact. 

It  can  be  readily  seen  tknt  upon  firing  of  the  cart  idge 
15  by  moving  firing  pin  18  forward,  the  gases  of  com  fus¬ 
tian  create  a  high  pressure  in  pcs  ages  13  and  1 '  ad 
*0  transmit  same  ;o  the  outer  faces  of  pistons  7.  The  pistons 
will  urge  inwardly  upon  the  confined  bypergolic  fuel  1? 
and  oxidizer  20  fracturing  the  frangible  covering  over 
the  orinces  9  end  the  several  liquids  will  empty  tbere- 
tbrouga  and  intermingle  within  combustion  chamber  3 
43  with  a  resultant  spontaneous  chemical  reaction  and  tbs 
production  of  a  high  pressure  to  force  projectile  21  out 
of  the  barrel. 

Attention  is  now  directed  to  Figures  4  snd  5  wherein 
a  variant  of  my  novel  weapon  is  revealed.  Reference 
30  character  22  indicates  a  breech  block  has  mg  at  the  for¬ 
ward  end  thereof  a  harm!  23  threaded!;/  received  in  a 
cavity  and  aligned  with  pats:  era  ay  24  wiitcil  is  selec¬ 
tively  dosed  ny  sliding  plat?  29.  A  traverse  passage  in¬ 
tersects  passage  24  to  form  e  combustion  ci- amber  39. 
•3  O  .  opposed  sides  of  the  cho  ober  are  slidable  injector 
pi  ’ens  31  and  32  having  r.r\.  33  and  34  in  the  dosed 
er  is  thereof  and  constructed  x  ,-idably  receive  bosses  35 
au  I  3#  formed  oc  the  ends  cf  plugs  37  and  33  respective¬ 
ly.  Pi  >e  line  39  bavirg  a  or  e  way  check  valve  40  serves 
00  ;o  connect  with  a  press ururd  source  cont  -ir  ing  one  of 
t>.  bypergolic  fluids  aac  to  a  bore  in  plug  37;  and  pipe 
lne  41  having  a  one  w  y  ched  vsl,«  42  serves  to  con¬ 
nect  t  pressurized  some  of  the  ether  reactant  to  a  bore 
in  plug  38. 

•3  The  v-rapon  is  iTnr  ated  i»  cond.tr m  for  firing  and  a 
cycle  thereof  Wll  cow  be  described.  A  valve  (not  shown) 
is  triagertd  which  si  nuit  **wously  admits  metered  amounts 
c:  the  bypergolic  fluids  U  a  high  prmsure  into  pipes  39 
end  41  respectively.  Tim  reactants  wifi  quickly  fill  the 
TO  volumes  between  toss  38  ar'  cylinder  31  and  between 
boss  36  snd  cylinder  32  and  a  portion  of  etch  wCl  bn 
ejected  through  pora  33  mi  34  int>  combustion  chamber 
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39  where  they  wCl  meet  sad  Intermingle  to  create  t 
pressure.  This  pressure  acting  upon  the  expe-jed  face  of 
cylinders  31  and  32  will  force  ti  em  toward  bosses  35  and 
75  respectively  thus  emptying  the  filled  volumes  into  the 
combustion  chamber  with  .".tea,  force  and  the  resulting  S 
explosion  will  send  project:. t  .-.5  upon  its  trajectory.  It 
should  be  noted  that  the  area  of  the  cylinder  face  ex¬ 
posed  to  combustion  chamber  pressure  is  greater  than 
the  area  of  the  cylinder  face  exposed  to  the  fluid  pressure. 
Thus  a  regenerative  pistor  r licet  is  obtained  and  the  io 
pressure  of  the  fluid  can  be  ( renter  than  the  initial  pres¬ 
sure  :n  the  chamber  tut  the  rtiu'ts  <■!  force  will  still  move 
the  piston  back  forcing  the  :  st  ;t  v.  therein  imo  the 
chamber. 

After  tat  projectile  her  left  the  muz/.'-  of  the  barrel  is 
the  chamber  pressure  drops  and  the  cyinders  are  re¬ 
turned  to  their  forward  position  by  excursion  of  the 
trapped  air  compressed  behind  the  open  ends  of  the  cylin¬ 
ders  during  rearward  motion  thereof  and  a  projectile  feed¬ 
ing  mechanism  (not  shown)  lifts  sealing  block  29  up  so 
and  forces  a  new  projectile  into  the  barrel  ready  for  the 
next  shot. 

It  can  be  readily  seen  that  the  amount  of  propellant 
is  readily  controlled  by  limiting  the  amounts  fed  to  "he 
pistons  or  "-nhing  the  motion  thereof  whereby  the  point  55 
of  maxim:.,  i  pressure  acl.-.g  cn  the  projectile  may  be  ad¬ 
justed.  Als.i  the  rate  of  propellant  injection  may  be  con¬ 
trolled  by  p.coer  selection  c:  piston  face  creas. 

Another  species  of  my  invention  is  disclosed  in  Figures 
6  and  7.  Referercc  character  45  indicates  generally  a  rn 
breech  block  securt-d  to  btrrel  46  which  is  snaoed  to  form 
a  chamber  to  receive  a  novel  arrangement  of  the  hyper- 
golic  fluids.  A  metallic  casing  holding  a  primer  54  at 
the  rear  thereof  bolds  the  hynergclic  liquids  in  combustible 
elongated  containers  arranged  longitudinally  wiiiiin  the  jj 
casing  with  each  liquid  sane  v  cbcd  b  tween  two  dis- 
similar  ones  substantially  as  shown  in  Figure  7  wherein, 
for  example,  reference  characters  47,  49  and  51  indicate 
a  reactive  fuel  and  48.  59  and  52  indie  :te  an  cxidizer. 

A  projectile  53  is  fractionally  hr  Id  in  the  barret  and  a  go 
firing  pin  55  is  aligned  with  the  primer  54  '..  the  usual 
manner. 

When  the  firing  pin  explodes  the  primer  the  flame 
moves  down  the  longitudinal  axis  of  the  chamber  and 
destroys  the  containers.  The  hypergolic  liquids  there-  45 
upon  mix  and  the  resulting  reaction  ejects  the  project  le 
from  the  barrel. 

Among  the  zdvantares  of  the  above  described  invention 
are:  (1)  1J  qher  propellant  impetus  by  reason  of  the  ‘ow- 
ertd  propel  ant  gas  molecular  weights  ail 

(fo4) 

» 

which  are  cbttintble  with  such  reactant  combinations  as  j; 
HjOj — KiH*  together  with  the  greater  energy  content  of 
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such  mixteres,  (2)  controlled  rate  of  pressure  generation 
by  control  over  propellant  injection  rates,  leading  to  higher 
velocities  it  lower  peak  pressures,  and  (3)  comparable 
velocities  at  lower  ratios  of  propellant  to  projectile  weight 
by  reason  of  the  auove,  so  that  less  propellant  and  cham¬ 
ber  volume  :s  required  resulting  in  a  shorter  gun. 

An  extensive  series  of  firings  has  been  conducted  on  a 
gun  built  in  accordance  with  the  principles  set  out  in  this 
invention.  A  projectile  velocity  of  6200  ft./sec.  at  a 
propeSant  to  projectile  man  ra'io  of  3.6  was  obtained. 
For  a  propellant  to  projectile  mass  ratio  of  1.5  the  maxi¬ 
mum  velocities  exceeded  nitrocellulose  values  by  as  much 
as  205*  at  comparable  or  lower  chamber  pressures. 
Velocities  as  high  ar.  8703  ft./sec.  have  been  attained  at 
substantially  lower  peak  pressures  than  published  figures 
for  nitrocellulose  pow  der. 

In  a  genera!  manner  I  have  in  the  above  description 
disclosed  what  I  deem  to  he  practical  and  efficient  em- 
hodhcecis  of  the  present  invention.  It  should  be  well 
understood  that  I  do  net  wish  to  be  limited  thereto  as 
there  might  be  changes  made  in  the  arrangement,  disposi¬ 
tion  and  form  of  the  parts  without  departing  from  the 
principles  of  the  present  invention  as  comprehended  with¬ 
in  the  scope  nf  the  accompanying  claim. 

I  claim: 

A  firearm  comprising  a  breech  casing,  a  barrel  affixed 
to  said  breech  casing,  a  combustion  chamber  formed  in 
said  casing  and  conciuricating  with  said  barrel,  at  least 
two  opposed  bores  in  said  casing  ore  end  of  which  com¬ 
municates  with  said  combustion  chamber,  a  counterixire 
at  tbi  other  end  of  said  bores,  hollow  injection  cylinders 
fixedly  received  within  said  ooumerbores.  said  cylinders 
containing  a  predetermined  volume  of  hypergo-ie  reactants 
and  having  at  one  end  thereof  a  normally  sealed  orifice 
opening  into  said  bores,  a  piston  at  the  other  end  of  said 
cylinders,  a  pressure  generating  cartridge  received  within 
said  casing,  a  scries  of  passages  in  said  casing  communicat¬ 
ing  between  said  pistons  and  said  cartridge,  whereby  said 
piston-;  art  actuated  to  break  said  seal  and  inject  said 
reactants  into  raid  combustion  chamber  in  response  to 
firing  sa  d  cartridge. 
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*  This  inversion  relates  to  a  liquid  propellant  cun  and 
more  specially  to  a  liquid  propellant  gun  adapted  for 
high  rates  o:  fire  utilizing  fcypcrgoiic  propellants. 

Briefly,  cur  invention  comprises  a  block  having  an 
axially  slidable  differential  piston  which  has  ,->.n  a  rial 
passage  for  the  feed  of  the  projectiles  to  be  fired.  The  j. 
piston  has  two  shoulder  potrens  which  slide  in  two  bores 
in  She  block  to  act  as  feed  means  for  two  hypergolie 
propellants  which  are  fed  into  said  bores.  The  forward 
face  of  the  .differentia!  piston  forms  one  wall  of  a  com¬ 
bustion  chamber  and  the  hvpergolic  propellents  are  fed  2o 
to  the  com  -ustion  chamber  through  orifice  passages  in 
the  differential  piston.  These  passages  .are  made  small 
enough  to  obvia'e  any  necessity  for  propeilar.t  valves. 
Projectiles  arc  fed  axial!;.'  trem  a  magazine  through  the 
block  anJ  differential  pi:tcn  into  the  gun  barrel  by  a  2- 
feed  piston  actuated  by  the  gun.  The  projectile  in  the 
barrel  is  r  repelled  by  the  pressure  generated  by  the 
burring  of  the  hvpergolic  propellants  and  the  other  pro¬ 
jectiles  in  the  feed  line  act  as  an  obturator  and  take  the 
place  of  a  breech  block.  30 

An  object  of  this  invention  is  to  provide  a  liquid  pro¬ 
pellant  cun  u.iliaing  hypergolie  propellants. 

Another  object  of  the  invention  is  to  provide  a  liquid 
propellant  cun  having  a  differential  p  slon  to  feed  sepa¬ 
rate  propeller:?  to  a  combustion  chamber  through  meter-  33 
i:ig  orifices  in  the  piston. 

Vet  another  object  is  to  provide  a  liquid  propellant 
gun  having  2  differential  piston  for  supplying  the  propel¬ 
lant.,  and  a  projectile  feed  mechanism  operated  by  the 
differential  piston.  40 

A  further  object  is  to  provide  a  gun  in  which  projec¬ 
tiles  are  fed  in  an  ax!al  line  to  the  barrel  and  act  as  an 
obturator  to  obviate  the  necessity  of  a  breech  bloc!:. 

These  anJ  other  objects  will  become  more  apparent 
when  reference  is  had  to  the  following  detailed  Jescrlp-  43 
lion  and  drawing  in  which: 

FIGURE  1  is  an  axial  sectional  view  of  our  liquid 
propellant  gun. 

riGURE  2  is  a  sectional  view  taken  o«t  the  line  2 — 2 
of  F'GUivE  1  looking  in  the  direction  of  the  arrows  30 
and  illustrating  the  means  which  prevents  retrograde  pro- 
jeetiie  movement,  ar.J 

FIGURE  3  is  a  sectirnal  view  taken  on  the  line  3 — 3 
of  FIGURE  2. 

With  reference  to  the  drawing  there  is  shown  a  liquid  53 
propellant  gun  having  a  block  made  up  of  three  sec¬ 
tions  I.  2.  3  which  are  rigidly  secured  together  by  any 
suitable  means  ruch  as  through  bolts  (not  shown).  The 
forward  block  section  3  has  trie  internally  threaded  bore 
4  in  which  is  received  the  gun  barrel  5  and  is  fui'.ter  r.o 
provided  with  the  bore  4  which  receives  the  coiler  7 
having  an  internal  diameter  equal  to  the  d.anteler  of 
the  bcire!  bore.  The  central  block  section  2  is  bored 
and  receives  the  sleeve  member  8  which  is  p-oviJed 
with  the  internal  shoulder  9  and  the  bores  19  and  II.  r,j 
The  block  section  1  is  provided  with  the  i<orc  12  which 
it  coaxial  with  bores  10  and  11  in  the  Sieeve  S.  Slid¬ 
ably  received  within  the  boi  10  II.  12  is  the  differ¬ 
ential  piston  13  having  integral  shoulder  1  *  slid:  ble  in 
bore  10  and  attached  shoulder  15  slid  ble  in  bore  11.  70 
Tne  dilferenL;al  piston  13  has  the  cer  ral  longitudinal 
passage  14  for  the  passage  thcrcthrcu.  :i  of  projectiles 
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and  reduced  end  portion  17.  The  forward  portion  of 
the  differential  pistoa  is  flared  as  indicated  at  18  and 
is  provided  with  orifice  channels  19  and  20  which  pro¬ 
vide  communication  between  the  forward  face  of  the 
pisron  and  the  bores  10  and  11.  respectively.  The  vol¬ 
ume  between  the  front  face  of  the  differential  piston 
13  and  Lie  block  section  3  forms  a  combustion  cham¬ 
ber  21. 

The  gun  of  Ibis  invention  utilizes  liquid  propellants 
and  preferably  propellants  of  the  hvpergolic  type,  i.e. 
those  which  spontaneously  ignite  upon  contact  with  one 
another.  An  example  of  hypergolie  reactants  is  hydro¬ 
gen  peroxide  (H_0;)  and  tydrozine  (N-H,).  Obvi¬ 
ously.  such  reactants  cannot  be  premixed  and  must  be 
fed  to  the  combustion  chamber  21  separately. 

The  block  section  1  is  provided  with  recess  22  and 
block  section  2  has  a  mating  recess  23.  Mounted  with¬ 
in  the  recesses  22  and  23  is  the  valve  plug  24  having 
inlet  pr. singe  25  for  one  of  the  hypercolic  reactants. 
Check  call  25  is  received  in  the  valve  plug  24  and  urged 
10  c'oseJ  position  by  spring  27  seated  in  cup  28.  The 
sieeve  c  is  provided  with  passage  29  which  affords  com- 
munica'ion  between  inlet  passage  25  and  bore  10.  The 
block  sections  2  and  3  are  provided  with  corresponding 
mating  recesses  39  and  31.  respectively,  which  receive 
ti.e  valve  plug  32  having  inlet  passage  33  for  admission 
of  the  second  hypergolie  reactant.  Check  ball  34  is  re¬ 
ceived  in  the  valve  plug  32  and  urged  to  closed  position 
by  spring  35  received  in  cup  36.  Passage  37  affords 
communication  between  the  inlet  passage  33  and  bore  *1. 

A  piston  slop  mechanism  is  indicated  in  its  entirety 
by  reference  character  38.  Threadedly  received  in  the 
block  seciion  2  is  the  cup  shaped  member  39  having 
central  pcs:  49.  Slidably  mounted  in  the  block  and 
sleeve  8  is  the  stop  member  40  having  the  piston  41 
formed  on  its  upper  end.  The  spring  42  surrounds  the 
post  41)  end  reacts  against  tne  piston  41  to  urge  the  stop 
member  40  downwardly.  When  the  differential  piston 

13  is  moved  to  the  left  from  the  position  shown  in 
FIGURE  1  the  stop  member  40  may  move  downwardly 
under  the  infiuerce  of  sp-xg  42  in  front  of  shoulder 

14  to  lock  the  piston  ia  rearward  position.  The  block 
section  2  is  provided  with  passage  43  by  which  pres¬ 
sure  fluid  can  be  admitted  betow  the  piston  41  to  raise 
the  stop  member  40  against  the  action  of  spring  42. 

Threadedly  connected  to  the  rearward  end  of  block 
section  1  is  the  rroltctile  feed  mechanism  44.  This 
feed  mechanism  farms  the  subject  matter  of  a  separate 
patent  application  but  it  will  be  deser  bed  here  in  its 
relationship  10  the  remainder  of  the  cun. 

Tl.e  feeJ  mechanism  comprises  a  housing  45  having 
a  centrally  di'-ascJ  projectile  feed  channel  46  ar.J  in¬ 
tegrally  formed  c  iiadcr  47  coaxial  with  the  feed  chan¬ 
nel.  The  feraerd  end  of  the  bousing  45  is  pro'  ided 
with  a  pilot  extension  4S  which  slidably  receives  the 
rear  end  of  differential  piston  13.  A  fluid  tight  projec¬ 
tile  magazine  49  is  mounted  on  the  housing  and  com¬ 
municates  with  the  feed  chancel  44.  The  magazine  is 
provided  with  a  fcltcver  *#  slidable  therein  in  sealed 
engagement  and  port  51  by  which  pressure  fluid  may 
he  admitted  to  feres  the  follower  downwardly.  Slid¬ 
ably  mounted  in  the  housing  is  the  feed  plunger  52  hav¬ 
ing  the  piston  53  connected  thereto  and  slidable  in  the 
cylinder  47.  Gas  pressure  may  be  applied  to  the  rear 
side  of  p~fo«t  53  througr  the  port  54  in  the  cylinder 
47.  Communication  is  provided  between  the  front  face 
of  piste  n  53  and  :he  rear  face  of  differential  piston  13 
by  means  of  cbaancs  55  in  die  housing  45  and  these 
channels  are  filled  with  an  incompressible  fluid. 

As  shown  in  FIGURES  2  and  3  the  projectile  feed 
mechanism  is  provided  with  xeans  to  prevent  retrograde 
motion  of  th.  projectiles  after  they  arc  fed.  The  hous- 
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in;  45  is  provided  with  a  plurality  of  radially  slidable 
stop  plungers  56.  These  plungers  are  urged  into  the 
feed  channel  by  gas  pressure  applied  Ic  the  upper  sides 
thereof  through  ports  57  and  the  lower  ends  thereof 
arc  rcarwardly  bevelled  as  shown  at  53.  When  a  pro-  j 
jeetile  is  fed  forwardly  the  plungers  arc  cammed  out¬ 
wardly  to  permit  passage  of  the  projectile  and  then  snrp 
inwardly  by  gas  pressure  to  prevent  reverse  projectile 
movement. 

Operation  pi 

In  idle  condition  the  differential  piston  13  will  be 
moved  to  left  from  the  position  shown  in  FIGURE  1 
ard  Iccltcu  by  stop  member  40.  To  place  the  gun  in 
operation,  ga;  pressure  is  supplied  to  channel  43  to  raise  __ 
the  step  member  40  and  also  to  the  ports  51,  5-1  and  *J 
57  of  the  projectile  feed  mechanism.  Gas  pressure  ap¬ 
plied  to  the  feed  plunger  platoi  53  wiil  rr.ov-a  the  plunger 

52  to  the  right  and  teed  a  projectile  into  the  gun  hartei 
5.  When  the  piston  53  moves  to  the  tight  the  liquid 
in  channels  55  will  act  as  a  hydraulic  link  and  move  the 
differential  piston  13  to  the  position  shown  in  FIG¬ 
URE  1  by  acting  on  ihe  rear  face  thereof. 

Tne  hypergoltc  reactants  are  supplied  under  pressure 
to  the  inlet  passages  75  and  33  and  flow  past  the  check 
valves  into  bores  If)  and  11,  respectively.  The  volume 
of  thc^e  tores  is  proportioned  to  provide  a  measured 
amount  of  the  propeliants.  The  sleeve  8  is  creviced 
with  an  annular  air  channel  59  and  the  block  section  2 
has  the  scavenging  port  60  therein  to  prevent  the  passage 
of  propellants  from  or.c  bore  to  the  other. 

The  propellants  now  begin  to  feed  from  the  bores  10 
and  11  to  ihe  comousiion  chamber  21  by  way  of  the 
orifice  channels  IS  and  20,  respectively.  The  diame¬ 
ter  of  these  channels  is  selected  to  restrict  the  feed  rate 
to  give  the  desired  burning  rate.  In  this  manner  the  ° 
necessity  cf  val.c.,  in  these  channels  is  obviated.  As 
soon  as  the  hypergoltc  reactants  meet  in  combustion 
chamber  ii  combustion  is  initiated  and  the  pressure 
therein  begins  to  rise.  When  this  pressure  has  risen  i(j 
sufficiently  to  overcome  the  gas  pressure  acting  on  piston 

53  of  the  feed  plunger  and  the  inlet  pressure  of  the 
propeilar.t.  the  differential  piston  begins  to  move  back- 
vvardly.  This  increases  the  pressure  in  the  bores  10  and 

11  and  cioses  the  inlet  check  valves.  The  increased  <g 
pressure  on  the  propellants  in  the  bores  10  and  II  ac¬ 
celerates  the  feed  thereof  through  the  orifice  channels 
IS  and  20  and  increases  the  rate  of  combustion  until  the 
piston  has  moved  to  the  rearward  end  of  its  travel.  In¬ 
cident  to  the  rearward  movement  of  the  differential  piston  55 
13,  the  hvdrauiic  link  causes  retraction  of  the  feed  plunge: 
to  permit  ar.omcr  projectile  to  feed  from  the  magazine 
49  in' 3  the  fted  channel  46. 

Wi  en  gas  pressure  is  built  up  in  combustion  chamber 
21  the  projectile  which  is  in  the  barrel  is  propelled  for-  53 
wardly  at  high  speed.  The  projectiles  occupying  the 
space  between  the  combustion  chamber  and  feed  mecha¬ 
nism  are  prevented  from  rearward  movement  by  the 
plungers  56.  It  will  Is  noted  that  the  diameter  of  the 
projectiles  and  tbe  ahmeter  of  the  passage  16  arc  sub-  00 
stantially  the  same  so  'hat  the  projectiles  in  the  passage 
act  as  an  obturator  and  preclude  the  necessity  of  any 
breech  block  mechanism. 

When  the  projectile  clears  ihe  barrel  of  the  gun  the 
pressure  in  ihe  combustion  chamber  immediately  drops  63 
oif.  The  gas  pressure  acling  on  the  feed  piston  53  r.ow 
moves  the  feed  plunger  forward  a  i-l  through  the  hy¬ 
draulic  link  also  moves  tb„  differentia!  piston  13  forward¬ 
ly  so  that  the  firing  may  automatically  repeat. 

It  wiil  be  apparent  that  the  embodiment  shown  is  only  ,0 


4 

exemplary  and  that  various  modifications  in  construction 
and  arrangement  may  be  made  without  departing  from 
the  scope  of  the  invention  as  defined  in  the  subjoined 
claims. 

We  claim: 

!.  In  a  liquid  propellant  gun.  the  combination  com¬ 
prising,  a  composite  block  including  an  intermediate  sec¬ 
tion,  a  forward  sec-lien  and  a  rearward  section,  said  sec¬ 
tions  having  axial,  signed  bores  therethrough,  a  sleeve 
in  sa:d  central  section  and  having  an  internal  annular 
shoulder  therein,  there  being  forward  and  rearward  axial 
bores  therein  and  disposed,  one  each,  on  each  side  of 
said  shoulder,  said  last  named  bores  being  coaxial  with 
respect  to  said  bores  in  said  forward  and  rearward  sec¬ 
tions:  1  single  differential  piston  mounted  for  axial  re¬ 
ciprocation  in  said  bores  in  said  sleeve  and  said  bore  in 
said  rearward  section,  there  being  an  integral  shoulder 
thereon,  said  shoulder  slidable  in  the  rearward  bore  of 
said  sleeve,  a  detachable  shoulder  secured  on  the  for¬ 
ward  end  of  said  piston  and  sliJable  In  the  forward  bore 
in  said  sleeve,  thei  being  a  central  axiai  passage  through 
said  piston  and  being  in  alignment  with  the  bores  in  said 
forward  and  rearward  sections,  said  detachable  shoulder 
being  flared  to  form  a  combustion  chamber  between  the 
forward  face  of  said  piston  and  said  forward  section,  said 
piston  having  metering  orifice  channels  communicating 
between  said  combustion  chamber  and  said  bores  in  said 
sleeve;  valve  means  in  said  block  for  admitting  hyper- 
golle  reactants  to  said  combustion  chamber  through  said 
channels,  the  increase  in  pressure  from  combustion  of  the 
hyp.TgoIic  reactants  in  said  combustion  chamber  being 
effective  to  move  said  piston  rcarwardly  to  accelerate  the 
feed  of  said  reactants  into  said  combustion  chamber;  a 
barrel  connected  to  said  forward  sectiofi,  said  barrel  hav¬ 
ing  an  axial  'acre  of  the  same  diameter  as  said  passage  in 
said  piston  and  ia  alignment  therewith;  means  connected 
to  the  rearward  section  for  feeding  projectiles  into  said 
passage  ia  said  piston  and  oarrcl;  a  d’ifercntlai  piston  stop 
mechanism  in  said  biock  for  locking  said  piston  in  a  rear¬ 
ward  cocked  position;  scavenging  means  for  said  gun  dis¬ 
posed  in  said  block  sections  for  preventing  passage  of  pro¬ 
pellants  from  one  of  said  bores  in  said  sleeve  to  the  other; 
and  means  for  preventing  retrograde  motion  of  the  pro¬ 
jectiles  after  being  fed  into  said  piston  and  disposed  be¬ 
tween  said  feeding  means  and  said  rearward  section  com¬ 
prising  a  series  of  inwardly  urged,  radially  disposed 
plungers  haring  beveled  inner  ends  whereby  when  a  pro¬ 
jectile  is  fed  forwardly,  said  plungers  are  cammed  out¬ 
wardly  and  snap  inwardly  upon  forward  clearance  of  a 
projectile. 

2.  In  a  liquid  propellant  gun  as  defined  in  claim  1, 
wherein  said  differential  piston  stop  mechanism  comprises 
a  p.lun-'  .t  radially  slidable  in  said  intermediate  block,  said 
plunger  tcing  projected  in  front  of  said  shoulder  on  said 
differential  piston  when  said  piston  is  in  a  rearward  posi¬ 
tion  and  spring  means  to  urge  said  plunger  inw  ardly,  said 
plunger  Being  movable  outwardly  to  free  said  shoulder 
by  the  application  of  Said  pressure  to  the  under  side 
thereof. 

3.  In  a  liquid  propellant  gun  as  defined  in  claim  1, 
wherein  said  scavenging  means  comprises  an  annular 
scavenging  channel  intermediate  said  bores  in  said  sleeves 
and  a  radial  scavenging  port  providing  communication 
between  said  channel  and  the  exterior  of  said  block. 
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A  druia  '*6  including  chambers  2$  for  projectors  30  is 
3,160,064  disposed  .'or  rotatica  around  the  leg  portion  of  rearward 

LIQUID  FROPELLANT  GUN  lcctiou  22  sad  intermediate  section  20  to  limultsneouriy 

Co  tries  R.  Bell,  Cj.uoqa  Tati,  Calif*  and  Keanrih  G.  corvcy  diametrically-dtspoted  chambers  20  to  firing  su- 
Johniot;  Anrorm  III,  assignors,  t  y  mesne  aateumenu  #  ti0:-s  in  respective  alignmen-  with  beiTels  IS. 
to  the  tatted  Stales  of  Amertea  as  represented  by  the  ApMal^  include,  ,  cylinder  32  in  reams rd  section 

Fi£dMav  27,  1957.  Scr.  No.  661,983  «  catnecfed  by  tubes  33  in  wins  23  to  openings  34  in 

2  Claims.  (CL  89—155)  resreiuve  alignment  with  barrets  15.  Rearward  section 

22  is  provided  with  an  electric  igniter  36  so  as  to  extend 
Our  invention  relates  to  a  revolver-type  automatic  sun  10  into  '■ylindcr  32.  A  piston  38  axially  slidable  in  cylinder 


having  a  pair  of  barrels  and  more  particularly  to  such  a 
gnn  disposed  for  operation  by  a  liquid  propellant. 

It  is  an  object  of  our  invention  to  provide  such  a  gun 
with  a  firing  device  for  discharging  tits  liquid  propellant. 

A  further  object  of  our  invention  is  to  provide  such  a 
firing  dsvi.e  with  a  reservoir  to  meter  the  propellant  in  o 
the  quantities  required  for  simultaneous  discharge  of  pro¬ 
jectiles  through  the  barrels. 

A  still  further  object  of  our  invention  is  to  provide 


3i  is  biased  to  a  rearward  position  by  a  spring  60  and 
provided  with  a  stem  40  having  a  cylindrical  compart¬ 
ment  42  therein.  The  portion  of  cylinder  32  between  the 
rear  end  of  piston  30  and  the  rear  end  of  aperture  25 
18  forma  a  combustion  chamber  35.  A  cylindrical  scat  44  is 
rota  initially  fixed  within  the  portion  o!  aperture  25  which 
is  dispose^  in  intermediate  section  20  and  the  seat  is  pro¬ 
vided  with  an  axial  bore  31  to  slidingty  receive  stem  40. 
Slat  44  and  piston  38  ire  spaced  to  provide  a  reservoir 


such  a  device  with  means  for  passing  the  entire  mete.ed  SO  <»  trier- No  ween  for  inclosing  the  quantity  of  propellant 
quantities  of  the  propellant  to  the  combustion  cylinder.  required  fc>-  simsitineo-.  s  discharge  of  barrels  15  when 

An  additional  object  of  our  invention  is  to  provide  such  piston  -  L  in  the  reci  vard  position.  A  ring  spring  46 


a  device  wYch  if  operable  by  an  actuator  of  the  gun. 

Other  aims  and  objects  of  our  invention  will  appear 
in  the  following  description. 

In  carry  ing  out  our  invention,  a  firing  device  for  dis¬ 
charging  a  l:quid  propellant  is  provided  with  a  cylinder 
for  combustion  thereof  ar..i  passsge  means  for  delivering 
gases  from  the  combustion  simultaneously  to  a  pair  of 


piston  - L  in  the  reci  vard  position.  A  ring  spring  46 
is  disposed  between  seat  44  and  section  20  to  resiiienlly 
stop  piston  34  in  a  forward  battery  position. 

A  site  e  -0  fixed  to  Mem  40  includes  a  flange  49  pro¬ 
jecting  into  a c  annular  cavity  50  of  section  18  to  form 
an  expansible  chamber  51  which  is  connected  to  a  pres¬ 
surized  supply  of  nitrogen,  or  other  inert  gas  (not  shown), 
to  prevent  seepage  of  uncxplodcd  propellant  along  stem 


firing  stations  for  action  against  projectiles  disposed  in  30  44  and  to  dampen  the  forward  movement  of  piston  38. 
ari  I  --ligament  with  the  twin  barrels  of  a  revolver-type  Stem  40  includes  an  extension  53.  and  a  follower  54 


The  'ring  device  is  provided  with  a  reservoir  rdjacent 
the  combustion  chamber  and  a  piston  biased  to  a  battery 
position  and  disposed  for  reciprocal  axial  operation  re-  *5 
saonsiv;  to  the  combustion.  Valves  disposed  between  tne 
piston,  the  stem  of  the  piston  and  the  bousing  control 
pasasge  of  the  propellant  from  a  supply  thereof  to  the 
reservoir  arJ  from  the  reservoir  ‘o  the  combustion  cylin- 


Stem  49  includes  an  extension  53.  and  a  follower  54 
spline .1  thereto  bct»eer.  -boulders  55  and  56  is  provided 
with  dianwtral  rollers  57  spaced  l>0  degrees  apart  for  en¬ 
gagement  with  spiral  cams  £8  provided  in  receiver  *4. 

An  actuator  64  axially  slidable  in  receiver  14  is  p.o- 
viicd  with  a  cam  46  for  engagement  will'  radial  toilers 
64  mounted  on  drum  26  >0  as  to  correspond  to  chambers 
22.  Actu-tor  64  is  rcarwardiy  b  ased  to  a  battery  posi¬ 
tion  by  a  pair  of  drive  springs  70  to  selectively  retain 


dcr  responsive  to  the  axial  operarion  of  the  piston,  "ihe  CO  pairs  of  the  chambers  23  in  the  firing  staLcnr  and  the 
reservoir  holds  a  sufficient  quantify  0f  propellant  fr-r  cam  is  disposed  fer  the  sequential  rota’ion  of  successive 

propeliir.;  projectiles  simultaneously  through  both  bar-  p-.ir,  of  such  chambers  to  'be  firing  stations  respor.s:ve 

re;s  to  operation  o?  tr.t  actuator.  A  cylinder  72  -e cured  to 

A  cen  mechanism  is  disposed  between  'be  piston  and  receiver  14  receives  an  axially  liid.Vrie  piston  74  secured 

the  receiver  to  control  operation  of  the  valves  , expensive  to  actuator  64,  and  an  ape. tore  ’,3  conducts  discharge 

to  the  axial  reciprocation,  and  a  sleeve  r.-.,-;h?nivm  is  gates  from  barrels  15  to  cylinder  72  for  forward  opera- 

connected  jjrough  racks  and  a  pinion  to  .he  actuator  of  tion  of  piston  74  responsive  to  the  gases, 
the  gun  tor  operation  of  the  cam  device  responsive  to  Stem  40  ia  provided  with  four  apertures  74  a hich  com- 

reciprccauon  of  the  actuator  of  .he  gun.  mun:cate  with  corresponding  holes  through  sleeve  4d  and 

For  a  more  complete  unde  -nding  &  nur  insertion.  [our  radial  ducts  78.  Piston  34  is  provided  with  four 
reference  is  directed  to  the  following  e*p!cntior  ?nd  th;  noz-’les  35  comprising  elemental  depressions  disposed  :a 
accompanying  drawings  in  which:  the  rearward  portion  of  the  periphery  of  piston  34  and 

FIG.  1  is  a  longitudinal  section  of  the  gun  with  the  ac-  pack  of  the  apertures  74,  duos  78  and  such  nozzles  are 
tuaior  in  seared  posiiion:  ,,  spaced  apart  90  degrees.  Nozzles  80  are  angularly  dls- 

FIG  2  is  similar  to  FIG.  1  with  the  actuator  In  battery  placed  35  degrees  from  ducts  78. 
grr-itar*.-  Liquid  propellant  under  pressure  is  supplied  through  a 

FIG  3  b  similar  10  FIG.  I  with  lbs  actJitor  in  fer-  tube  79  •  r  an  annu  us  01  of  cylindrical  aperture  25  dis¬ 
ward  petition;  rosed  wclion  IS  y>  as  to  he  at  ail  limes,  in  commumcc- 

FIC.  4  is  a  view  along  line  4—4  of  FIG.  2-  tion  v  itj  apertures  76.  Flow  of  the  prcpellant  to  the 

FIG  5  is  a  view  alone  line  5 — 5  of  F1C.  I,  annul  i>  is  controlled  by  a  valve  (not  sho*n). 

FIG*.  6  b  a  view  aiong  line  6—6  of  FIG.  I:  '  to  c  r.uo!  now  of  propellant  to  combust  •  n 

jrg,  7  is  a  vis*v  along  line  7 — 7  of  I  iO.  J;  ard  cht:  'r*tr  35  in:!axc  c’.arretra!  **\x>vrs  82  In  scat  4<*  end 

FIG.  8  is  a  developed  vie:/  of  the  follower  ctir..  channel-  84  in  rearward  seuicn  22  and  s  ch  grooves  and 

Accordingly,  a  gun  12  includes  a  receiver  14  wills  twin  charnels  communicate  respectively  -vith  ducts  72  a  no 

barrels  15  secured  therein  and  a  housirg  16  includ  ng  £‘  r.mries  80.  Propellant  flow  is  indicated  uy  the  arrow,  ir. 
forward,  intermediate  and  rearward  sections  18.  M  snd  FIG.  1.  .  .  ,7 

22.  respectively,  removably  secured  together  and  pro-  Csma  f  J  me  u*  steps  85  a.-d  84  and  rol  tn  5  - 
sided  wmh  a  cylindrical  aperture  23  of  wr  ing  diame  ere  biased  «•  wredly  by  corre-pond.nr  spnnc>  5*  for  engsge- 


i i.y  -jsx*  t.  „  sav*: 


shaped  ia  ic—iguraticn  and  includes  lateral  aim  23  se¬ 
cured  to  -eeei»er  14  by  pins  24. 


88.  99.  92.  and  94  in  the  sense  noed  in  FIG.  8.  V.  •  ro 
the  rollers  57  are  in  the  positions  88  or  94,  ducts  78  ate 


3,160,084 
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aligned  with  grooves  S2,  and  when  in  the  position  90  or 
92,  nozzles  80  are  aligned  with  channels  84. 

A  trigger  mechanism  (rot  shown)  is  deposed  for  re¬ 
tention  of  actuator  M  in  an  intermediate  position  sub¬ 
stantial!-/  one  inch  before  the  battery  position. 

In  operation,  the  propellant  valve  <i  closed,  the  trigger 
mechanism  is  rclcared  and  gun  1  i  is  cyclc-d  three  times 
by  a  charger  (not  shown)  to  dispose  a  pair  of  the  pro¬ 
jectiles  in  the  charging  stations.  In  the  third  cycle,  actu¬ 
ator  <4  is  seared  ar.J  the  propellant  valve  is  evened  to 
pcnr.it  flow  of  the  propellant  into  comp-irimcr.t  42  and 
reservoir  45. 

When  the  trigger  mechanism  is  again  relev*d.  actuator 
<4  proceeds  to  the  battery  position  responsive  lo  spring 
70.  The  rearward  movement  of  actuator  64  is  converted 
to  forward  movement  cl  follower  £4  by  the  operative 
cooperation  of  a  pinion  gear  132  journaled  in  receiver  14 
with  a  pair  of  racks  100  and  171  provided  respectively 
on  actuator  64  and  a  collar  104  which  is  slidingly 
mounted  over  extension  53  for  engagement  w  ith  follower 
54  during  rearward  movement  of  actuator  64  under  the 
bias  of  spring  ’0.  the  rollers  £7  are  camming!;’  rotated 
to  position  9U  and  thereby  piston  38  is  rotated  to  register 
nozzles  SO  with  channels  84  for  flow  of  the  prcpel'ant 
therethrough  responsive  to  the  pressure  of  the  propellant 
to  begin  combustion  thereof  in  combustion  chamber  33  by 
igniter  36. 

Piston  33  moves  for./ardly  responsive  to  gases  from 
the  combustion  and  rollers  57  engage  cam  5S  for  roialion 
of  the  rollers  to  position  94  lor  alignment  of  ducts  7S 
w  ith  grooves  82.  Piston  3*  continues  forwardly  to  force 
the  propellant  in  reserved  45  rcarwardly  through  chan¬ 
ge.  84  and  nozzles  83  iutc  combustion  chamber  25  until 
the  propeilant  is  exhausted  from  such  reservoir,  whereby 
none  of  the  unexploded  prop  -Ibnt  ,-t-nains  in  the  reser¬ 
voir  to  pass  into  the  drum  fo-  discharge  therein  to  cause 
damage  to  the  gun  end  operating  pei'onncl. 

During  the  forward  movement,  ducts  78  are  blocked 
by  the  inner  surface  of  seat  44.  Nea-  the  cn !  of  the 
rearward  stroke,  cam  58  displaces  rollers  5".  u  position 
94  to  cut  oif  flow  of  propellant  through  churne1  84. 

Pressure  on  piston  38  is  reduced  as  projectiles  30  leave 
barrels  15  and  piston  38  is  returned  to  the  rearv  ard  posi¬ 
tion  respe-.sce  to  follower  sprirg  60  and  the  conpret-.ed 
gases  in  chamber  51.  As  stert  40  moves  re-.ruardly. 
ducts  78  .  re  uncovered  for  flow  of  propellant  to  £11  :eer- 
voir  45  or  the  succeeding  c>c!e  ci  the  gun. 

Proie.tiles  30  are  propelled  from  chambers  2 S  in  ‘he 
firing  stations  through  barrels  15  responsi'e  to  the  dis¬ 
charge,  and  the  gases  therefrom  are  conducted  to  cylinder 
72  through  apertures  75.  as  the  apertures  are  uncovered 
by  the  projectiles,  for  the  forward  operation  of  piston  74. 

Gun  !2  is  provided  with  a  feeder  (r.ot  shown)  to  con¬ 
vey  projectiles  30  to  position-,  in  axial  a.ignment  with 
leading  stations  of  chamoers  28.  which  (Ire  the  stations 
occuried  by  those  chambers  next  succeeding  the  firing 
station  chambers.  A  rammer  116  secured  to  actuator  64 
includes  fir.geis  118  for  half-ramming  projectiles  30  into 
the  next  succeeding  champers  and  fin  vers  120  for  finish- 
lemming  the  cartridges  into  the  chambeis  succeeding  the 
firing  station  chambers  responsive  to  the  rearward  strut es 
of  actuator  64. 

Aldiojch  a  p?rt:cular  embodiment  of  the  invent  on  has 
keen  described  in  detail  herein,  it  is  evident  that  many 
variations  may  be  devised  within  the  spirit  and  scope 
thereof  and  the  following  claims  are  intended  to  include 
such  variations. 


We  claim: 

1.  In  combination  with  a  pressurized  supply  of  liquid 
propellant,  an  automatic  gta  including  :•  receiver,  3  pair 
of  carrels,  a  drum  rotatably  mounted  in  the  receiver  for 

S  simultaneously  conveying  projectiles  to  firing  stations  ir 
alignment  v-rth  laid  barrels,  an  actuator  disposed  in  said 
receiver  for  longitudinal  reciprocation  during  cyclic 
operation  cf  said  gun  and  cam  means  for  converting  the 
longitudinal  reciprocation  of  said  actuator  to  rotation 
10  of  the  drum,  a  firing  device  including  a  housing  provided 
•.vith  an  aperture  including  a  cylindrical  portion  termi¬ 
nated  by  an  end  portion,  a  piston  slidingly  mounted  in 
said  cylindrical  -onion  far  reciprocation  between  a  bat¬ 
tery  and  a  recoil  position,  a  sprirg  for  biasing  said  piston 
15  to  the  batten-  position,  a  combustion  cbaml'cr  formed  in 
said  cylindrical  portion  between  said  end  p onion  and  s.:id 
piston  for  the  discharge  of  a  metered  qu.mti.y  of  said 
liquid  propellant  therein,  said  piston  being  disposed  for 
actuation  to  the  recoil  position  by  the  discharge,  duct 
20  means  for  di:  cling  the  eases  from  the  discharge  against 
the  projectiles  in  the  firing  stations  for  the  simultaneous 
propulsion  thereof  ’hrougl-  said  barrels,  a  stem  portion 
extending  from  said  piston  along  s,;d  aperture,  a  cylindri¬ 
cal  seat  mounted  in  said  mci'urt  end  provided  with  an 
25  nxic!  hole  for  slidmgly  recr-v'ng  said  stern  portion,  said 
scat  being  spaced  from  said  p-ston  whc.  in  the  battery 
position  to  form  a  reservoir  therebetween  for  meicrrg 
a  predetermined  ruar.tity  of  said  propeilar.t  suSicier.t  for 
the  simultaneous  propulsion  of  the  projectiles  through  the 
50  herreis.  said  scat  r.eing  er.cr.rcablc  by  scud  piston  when  in 
rhe  recoil  position  to  completely  reduce  said  reservoir,  a 
cviinducal  compartment  axialiy  disposed  in  said  stem 
portion,  means  for  conducting  propeilant  from  the  pres¬ 
surized  supply  to  said  compartment,  ducts  extendin' 
S3  through  sr.ld  stem  portion  from  said  comcaitmem. 
grooves,  channels  and  nozzles  corresponding  to  said  ducts 
provided  respectively  in  said  sleeve,  housing  and  piston, 
a  folio*  e r  mounted  to  said  stem  portion  for  limited  longi¬ 
tudinal  movement  relative  thereto  and  rotational  move- 
40  ment  therewith,  cam  portions  provided  in  the  receiver 
for  engaged  cooperation  with  said  follower  for  routing 
said  pistes  to  align  said  ducts  with  said  grooves  during 
me vc men:  of  said  piston  to  the  battery  poslilon  by  said 
spring  for  passage  of  said  propeilant  from  said  compar  - 
43  ment  to  fill  said  reservoir  and  to  align  said  nozzles  win 
said  charnels  when  said  piston  is  in  th:  battery  position 
ar.d  fer  passing  the  metered  quantity  of  said  propellar-t 
from  said  reszrvoir  to  said  combust  on  chamber  durinc 
movement  tnereof  to  the  reco.l  position,  and  means  for 
50  discharging  the  :  -opeBnm  in  said  combustion  chamber. 

2.  A  tint"  device  as  in  claim  I  with  a  collar  inclo.lrg 
said  stem  fc  ‘  engagement  with  said  follower,  a  pair  oi 
racks  rt>pe.  ively  secured  to  said  collar  anJ  the  actu¬ 
ator  and  a  gear  journaled  on  the  receiver  for  engagement 

55  therewith  to  d-*?la:e  said  follower  and  rotate  said  piston 
for  alignmvn-  of  said  ducts  and  said  grooves  responsi'e 
to  the  reel;  ocatlon  of  said  actuator. 

References  Cited  by  the  Examiner 
80  UNITED  STATES  PATENTS 

2,779,248  1/57  Stevens _ 89—155 

FOilHGN  PATENTS 
1.103.6*7  2/47  Iran*. 

BENJAMIN  a.  ROKCH.-XT,  Primary  Eu  miner. 
SAMUEL  r.OYD,  ,.*TM.’R  M.  HC-RTON,  EianMin. 


#  . 


3,313,208 

Patented  Apr.  11,  1967 


United  States  Patent  Office 


1 


3413,208 

LIQUID  PROPELLANT  FOR  SMALL 
CALMER  GUN 

Edward  G.  Dorray,  Jr.,  Bernard  A.  Nicmcier,  and  Eugene 

T,  Fleischhater,  Richmond,  Va.,  assignors,  by  mesne 

assignments,  to  the  United  States  of  America  as  repre¬ 
sented  bv  the  Secretary  of  the  Arinv 

Filed  Mar.  25.' 1953.  Ser.  No.  344,652 
II  Claims.  (C).  89—7) 

This  invention  relates  generally  to  ordnance,  and  in 
particular  to  a  novel  system  for  propelling  projectiles 
from  gun  barrels  or  tubes. 

Our  invention  consists  of  a  method  whereby  self-ignit¬ 
ing  chemicals  may  be  intimately  intermixed  so  that  their 
spontaneous  reaction  produces  a  pressure  for  projectile 
ejection  and  flight.  It  will  be  understood  that  in  the 
specification  and  in  the  claims  appended  hereto  the  word 
“hypercolic"  is  intended  to  be  used  as  defined  in  the  De¬ 
fense  Department's  Glossary  of  Guided  Missile  Terms, 
“Capable  of  igniting  spontaneously  upon  contact." 

It  is  a  broad  object  of  cur  invention  to  improve  on  the 
weapons  now  in  use.  It  is  a  further  and  more  particular 
object  of  our  invention  to  provide  a  system  for  propelling 
projectiles  in  which  highly  reactive  liquid  chemicals  are 
used  in  place  of  the  usual  solid  propellants. 

It  is  a  still  further  object  of  our  invention  to  provide  a 
reactive  chemical  weapon  which  is  safe  to  operate  and 
reliable  in  use. 

Other  objects  of  the  invention  will  be  evident  from  the 
following  description  and  the  appended  drawings  in 
which: 

FIGURE  I  is  a  fragmentary  longitudinal  section  of  a 
preferred  embodiment  of  our  novel  weapon. 

FIGURE  2  is  a  view  taken  on  lines  2 — 2  of  FIGURE 
1  and  looking  in  the  direction  of  the  arrow. 

FIGURE  3  is  a  fragmentary  longitudinal  section  of  an¬ 
other  species  of  our  invention. 

FIGURE  4  is  a  fragmentary  longitudinal  section  of  still 
another  species  of  our  invention. 

Referring  now  to  the  drawings  wherein  like  reference 
characters  indicate  like  parts  and  particularly  to  FIG¬ 
URES  1  and  2,  reference  character  1  indicates  a  gun  bar¬ 
rel  of  conventional  design  threaded  or  otherwise  firmly 
affixed  to  breech  2  which  has  a  longitudinal  chamber 
aligned  with  the  barrel  for  the  reception  of  a  projectile  3. 
Two  cavities  4  and  5.  respectively,  are  formed  in  the 
breech  as  is  best  seen  in  FIGURE  2  and  serve  as  main 
firing  reservoirs  for  the  several  hypergolic  components 
which  ccr.stitue  the  propellent  charge.  The  volumes  of 
the  cavities  can  be  selected  as  propellant  metering  devices. 
Plugs  6  and  7  are  threaded  into  the  several  cavities  and 
serve  to  contain  spring  loaned  hall  valve:  fi  and  9  sub¬ 
stantially  as  shown.  Pices  10  and  11  connect  the  valves 
with  the  main  storage  tanks  for  the  hypergoiic  fluids  (not 
shown).  A  pilot  or  triggering  feed  system  is  connected 
to  each  of  the  firing  reservoirs  4  and  5  for  a  purpose  that 
will  presently  aprear.  As  is  revealed  in  FIGURE  1  an 
auxiliary  plug  12  is  threaded  into  block  2  and  contains  a 
spring  loaded  valve  13  closing  the  end  of  pipe  14  which  is 
joined  to  pipe  10  or  otherwise  connected  to  the  main  stor¬ 
age  lank  holding  the  reactant  fluid  that  normally  is  led 
into  reservoir  4.  A  passage  15  extends  downward  from 
the  plug  and  connects  with  a  chamber  16  extending  nor¬ 
mal  thereto  and  having  a  narrow  portion  17  opening  into 
reservoir  5.  A  spring  loaded  piston  18  and  rod  adapted 
for  external  actuation  are  slidably  received  within  cham¬ 
ber  16  and  the  forward  motion  of  piston  18  is  arreted  by 
spring  loede  1  ball  valve  assembly  19.  From  a  point  at  or 
near  the  bottom  of  reservoir  5  extends  bore  20  leading 
through  valve  assembly  chamber  21  to  passage  72  which 
opens  into  the  rearward  portion  of  the  p  ojectiie  receiv- 
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ins  chamber.  It  will  be  understood  that  an  indentical  pilot 
feed  system  (not  shown)  is  provided  for  reservoir  4. 

In  operation  two  reactive  flnids  which  may  be  called 
fuel  and  oxidant  and  can  be  for  example,  hydrazine  with 


hydrogen  peroxide,  or  hydrazine  with  nitric  acid  are  sep¬ 
arately  stored  in  their  respective  external  tanks.  Or*  re¬ 
actant  is  pumped  into  reservoir  4  and  the  other  into  res¬ 
ervoir  5  until  they  are  full  whereupon  the  spring  loaded 
valves  effectively  seal  the  fluid  therein.  The  pumping  pres¬ 
sure  also  forces  a  minute  amount  of  the  reactants  into 


the  opposed  pilot  feed  systems  so  that  reservoir  5  may 
hold  the  fuel  and  the  pilot  system  connected  thereto  will 
hold  the  oxidant  while  reservoir  4  holds  the  oxidant  and 
its  pilot  system  contains  a  small  amount  of  fueL  Trigger¬ 
ing  of  the  firing  cycle  is  accomplished  by  moving  the  two 
pilot  pistons  forward  by  any  suitable  mechanical  or  elec¬ 
trical  means.  This  motion  forces  the  pilot  fuel  through 
the  valves  and  into  the  firing  reservoirs  whereby  a  chemi¬ 
cal  reaction  takes  place  accompanied  by  emission  of  heat 
and  pressure  limited  only  by  the  amount  of  pilot  fluid  in¬ 
jected.  The  pressure  built  up  by  the  reaction  forces  the 
fluids  down  their  respective  passages  and  into  a  combus¬ 
tion  chamber  behind  the  projectile.  When  the  main  hyper¬ 
golic  fluids  meet  in  the  chamber  a  violent  reaction  takes 
place  whereby  the  projectile  is  forced  down  the  barrel 
and  started  on  its  trajectory. 


Our  invention  is  not  of  course  limited  to  the  specific 
examples  of  fuel  and  oxidant  enumerated  above  but  con¬ 
templates  the  utilization  of  any  and  all  substances  and 
compounds  that  react  spontaneously  and  violently  upon 
contact  including  a  monopropellant  such  as  nitro-melbane 
or  methyl  acetylene  with  a  catalyst. 

An  important  variant  of  our  invention  is  revealed  in 
FIGURE  3  wherein  reference  character  1  indicates  the 
gun  band  having  annular  contact  members  23,  24,  and  2 
is  the  breech.  A  longitudinal  passage  in  the  breech  re¬ 
ceives  a  housing  26  having  a  cavity  therein  to  hold  spring 
valve  27  ada  ted  to  yieldingly  close  bore  28  which  is  con¬ 
nected  by  pipe  2P  to  a  storage  tank.  A  plug  30  is  tbread- 
edly  held  in  the  bousing  and  has  formed  therein  passages 


31  leading  to  a  combustion  chamber  32  formed  immedi¬ 
ately  to  the  rear  of  a  projectile  indicated  generally  as  33. 

The  projectile,  which  will  now  be  described,  has  an¬ 
nular  rings  34  and  35  secured  thereto  adapted  to  engage 
contact  members  23  and  24  substantially  as  shown.  A 
squib  36  is  homed  within  the  aforesaid  parts  of  an  inner 
chamber  37  and  is  electrically  connected  to  an  external 
source  of  electrical  energy  through  leads  38  and  39. 
The  middle  portion  of  the  projectile  is  of  a  reduced  di¬ 
ameter  whereby  an  annular  volume  40  is  formed. 


Frangible  plugs  41  are  held  in  holes  communicating  be¬ 
tween  inner  chamber  37  and  volume  40  and  a  frangible 
disc  42  is  held  at  the  rear  portion  of  the  chamber  sub¬ 
stantially  as  shown.  It  is  intended  to  pre-load  the  projec¬ 
tile  with  one  of  the  reactants  (usually  a  fuel)  which  com¬ 
pletely  fills  the  internal  chamber  37  and  is  in  intimate 
contact  with  the  squib  housed  therein. 

In  operation  the  preioaded  projectile  is  inserted  by 
means  nit  shown,  into  the  firing  position  in  the  weapon 
and  the  .  ther  reactant  is  admitted  under  pressure  from 
pipe  29  through  passages  31  and  into  chamber  32  where¬ 
upon  it  fills  volume  40  and  completely  surrounds  the  pre- 
loaded  reactant  When  the  squib  is  fired  by  extern’1  trig¬ 
gering  means  the  frangible  plugs  41  are  shattered  and  the 
several  reactants  mix  at  the  bead  of  the  fuel  and  oxidant 
columns.  The  pressure  thus  generated  results  in  expul¬ 
sion  of  the  components  to  the  rear  and  into  the  combus¬ 
tion  chamber  where  they  mix  and  a  violent  reaction  takes 
place  to  expel  the  projectile.  After  the  di', charge  another 
projectile  a  y  be  rapidly  inserted  by  automatic  means  if 
desired  to  complete  the  cycle  and  ready  tbe  gun  for  an¬ 
other  round. 
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A  still  further  variant  of  our  invention  is  illustrated  in 
FIGURE  4  wherein  breech  block  2  has  a  longitudinal 
passage  therethrough  to  receive  at  the  forward  erd  there¬ 
of  barrel  1.  A  projectile  3  is  frictionally  held  aligned 
with  the  barrel  for  motion  therein  when  the  pressure  in 
chamber  43  reaches  a  predetermined  value.  The  breech 
block  passage  has  a  portion  of  reduced  diameter  49 
to  slidably  receive  the  enlarged  head  of  hollow  piston 
50.  Passages  52  radiate  from  the  internal  cavity  53  to 
the  outer  periphery  of  the  piston  head  and  passages  56 
kad  from  the  interna!  cavity  radially  outward  for  a  pur¬ 
pose  that  will  presently  he  explained.  A  plug  54  is  thread¬ 
ed  into  the  rear  end  of  the  passage  arid  serves  to  receive 
spring  loaded  valve  55  and  to  act  as  a  lateral  guide  during 
piston  motion.  A  spring  loaded  valve  57  is  threaded  into 
the  breech  block  and  leads  into  the  annular  volume  58 
formed  between  the  piston  and  the  block. 

In  operation  one  of  the  reactants  for  example  an 
oxidant  is  pumped  from  a  storage  tank  and  forced  through 
valve  55  to  fill  the  volume  53.  The  other  reactant  is 
pumped  from  its  tank  and  forced  through  valve  57  to 
fill  volume  5S.  The  gun  is  triggered  by  moving  piston  50 
forward  by  any  suitable  mechanical  or  electrical  system 
whereby  passages  52  open  into  chamber  43,  volume  58  is 
opened  into  chamber  43  around  the  piston  and  passages 
56  connect  volumes  53  and  58.  A  minute  quantity  of 
the  reactants  wiii  move  through  the  passages  56  and  a 
chemical  reaction  accompanied  by  a  pressure  rise  occurs 
in  the  area  adjacent  the  passages.  This  pressure  forces 
the  contents  of  volume  58  forward  around  the  piston  and 
into  chamber  43  and  the  contents  of  volume  53  through 
passage  52  into  chamber  43  where  the  reactants  mix  and 
expel  the  projectile. 

In  a  general  manner,  while  we  have,  in  the  above  de¬ 
scription  disclosed  what  we  deem  to  be  practical  and 
efficient  embodiment  of  the  present  invention,  it  should 
be  well  understood  that  we  do  not  wish  to  be  limited 
thereto  as  there  might  be  changes  made  in  the  arrange¬ 
ment.  disposition,  and  form  of  the  parts  without  depart¬ 
ure  from  the  principle  of  the  present  invention  as  com¬ 
prehended  within  the  scope  of  the  accompanying  claims. 

What  we  claim  ist 

1.  A  gun  comprising  a  breech  casing,  a  barrel  affixed 
to  said  casing,  a  projectile  in  said  casing  and  aligned  with 
the  said  barrel,  a  propellant  comprising  an  oxidant  and 
a  fuel,  said  oxidant  and  said  fuel  contained  in  separate 
chambers  formed  in  said  gun,  means  including  a  passage 
to  admit  a  predetermined  quantity  of  fuel  into  the  oxidant 
chamber,  a  passage  to  admit  a  quantity  of  oxidant  into 
the  fuel  chamber  to  pressurize  each  said  fuel  and  oxidant 
chambers,  and  means  forming  passages  from  the  cham¬ 
bers  to  intermingle  the  said  oxidant  and  the  said  fuel  be¬ 
hind  the  said  projectile  and  detonate  spontaneously. 

2.  A  firearm  comprising  in  combination  a  breech  cas¬ 
ing,  a  barrel  atlixed  to  the  said  casing,  a  projectile  in  said 
casing  and  aligned  with  said  barrel,  a  combustion  cham¬ 
ber,  a  propellant  to  expel  said  projectile,  said  propellant 
comprising  an  oxidant  and  a  fuel,  an  elongated  hollow 
member  longitudinally  movable  within  said  casing,  said 
oxidant  contained  in  a  first  chamber  within  said  hollow 
member,  said  fuel  contained  in  a  second  annular  chamber 
in  said  casing  surrounding  said  hollow  member  between 
said  member  and  said  casing,  moans  forming  a  plurality 
cf  passages  at  the  rear  of  said  member,  means  forming  a 
plurality  of  passages  at  the  front  of  said  member  wherebv 
movement  of  said  member  in  a  direction  toward  the  said 
barrel  joins  the  said  first  and  second  chambers  at  th-:  rear 
thereof  to  effect  a  limited  expansion  in  both  ch;>  nbers 
to  expel  the  fuel  and  the  said  oxidant  into  the  sai !  com¬ 
bustion  chamber. 

3.  A  firearm  comprising  in  combination  a  breech  cas¬ 
ing  a  barrel  a/fixed  to  the  said  casing,  a  projectile  in  said 
casing  and  aligned  with  said  barrel,  a  combustion  cham¬ 
ber  in  said  casing,  a  propellant  comprising  an  c  idant 
and  a  fuel,  an  elongated  member  longitudinally  movable 
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within  said  casing,  said  oxidant  contained  in  a  first  cham¬ 
ber  within  said  member,  said  fuel  contained  in  a  second 
annular  chamber  formed  between  said  member  and  said 
casing,  means  forming  a  plurality  of  passages  at  the  rear 
5  of  said  member,  means  forming  a  plurality  of  passages 
at  the  front  of  said  member  whereby  movement  of  said 
member  in  a  direction  toward  the  said  barrel  joins  the  said 
first  and  second  chambers  for  pressurization  thereof  and 
expulsion  of  the  fuel  and  oxidant  into  the  said  combustion 
JO  chamber. 

4.  A  firearm  comprising  in  combination  a  breech  cas¬ 
ing.  a  barrel  affixed  to  said  casing,  a  projectile  in  said 
casing  and  aligned  with  said  barrel,  a  combustion  cham¬ 
ber,  a  propellant  to  exp^l  said  projectile,  said  propellant 

15  comprising  an  oxidant  and  a  fuel,  an  elongated  hollow 
member  axially  movable  within  said  casing,  said  oxidant 
contained  in  a  first  chamber  within  said  hollow  member, 
said  fuel  contained  in  a  second  annular  chamber  in  said 
casing  surrounding  said  hollow  member,  means  forming 
20  a  plurality  of  normally  closed  passages  at  the  rear  end 
of  said  hollow  member  whereby  axial  movement  of  said 
hollow  member  in  a  direction  toward  said  barrel  uncovers 
the  rear  passages  for  effecting  a  limited  degree  of  inter¬ 
mingling  of  oxidant  and  fuel  to  pressurize  both  cham- 
2j  bers.  and  means  comprising  a  plurality  of  normally  closed 
passages  at  the  front  end  of  said  hollow  member  where¬ 
by  the  oxidant  is  forced  from  its  chamber  through  said 
front  passages  under  said  intemaily  developed  pressure 
and  simultaneously  fuel  is  forced  from  its  chamber  to 
30  pass  said  hollow  member  to  intermingle  with  the  fuel  in 
the  combustion  chamber  and  detonate  therein  spon¬ 
taneously. 

5.  A  liquid  propellant  gun  comprising  a  breech  casing, 
a  barrel  affixed  to  said  casing,  a  projectile  in  said  casing 

35  aligned  with  said  barrel,  a  combustion  chamber  in  said 
casing  behind  said  projectile,  a  hypercolic  propellant  com¬ 
prising  an  oxidant  and  a  fuel  contained  in  separate  cham¬ 
bers  in  said  gun.  injection  means  adapted  to  admit  a 
predetermined  quantity  of  fuel  into  said  oxidant  cham- 
40  ber  and  a  predetermined  aram.ry  of  oxidant  into  said  fuel 
chamber  to  pressurize  each  said  fuel  and  oxidant  cham¬ 
bers,  and  passages  between  each  said  fuel  and  oxidant 
chamber  and  said  combustion  chamber. 

6.  A  pun  comprising  a  breech  casing,  a  bu.rel  affixed 
45  to  said  casing,  a  combustion  chamber  in  said  casing  com¬ 
municating  with  said  barrel,  a  fuel  chamber  in  said  cas¬ 
ing  containing  a  hypergolic  fuel,  an  oxidant  chamber  in 
said  casing  containing  a  hypergolic  oxidant,  pressurizing 
means  operatively  associated  with  said  fuel  and  oxidant 

50  chambers,  said  pressurizing  means  injecting  a  predeter¬ 
mined  quantity  of  fuel  into  said  oxidant  chamber  and  a 
predetermined  quantity  of  oxidant  into  said  fuel  cham¬ 
ber  to  pressurize  each  said  fuel  and  oxidant  chamber,  and 
passages  connecting  said  fuel  and  oxidant  chambers  to 
55  said  combustion  chandrer  whereby  the  fuel  and  oxidant 
are  forceably  intermixed  in  said  combustion  chamber. 

7.  In  a  hypergolic  propellant  gun  a  breech  casing,  a 
plurality  of  firing  reservoirs  in  said  breech,  an  oxidant 
in  half  of  said  reservoirs  and  a  fuel  in  the  remainder  of 

CO  said  reservoirs,  a  triggering  feed  system  for  said  reservoirs 
to  expel  the  said  oxidant  and  fuel  therefrom  under  pres¬ 
sure,  said  system  comprising  a  fuel  chamber  having  pas¬ 
sages  connected  with  said  oxidant  reservoirs,  an  oxidant 
chamber  having  passages  connected  with  said  fuel  rex- 
05  ervoirs  and  means  to  discharge  the  fuel  and  oxidant  in 
said  chambers  into  said  reservoirs,  and  passage  means 
to  conduct  said  fuel  and  oxidant  in  said  reservoirs  to  a 
combustion  chamber  for  spontaneous  combustion  therein. 

8.  A  liquid  propellant  firearm  comprising  a  breech  cas- 
;o  ing.  a  barrel  affixed  to  said  breech  casing.  •  projectile  in 

said  casing  aligned  with  said  bareel,  a  hypergolic  g'O- 
pellaat  comprising  an  oxidant  and  a  fuel,  sep.-.nttf  res¬ 
ervoirs,  one  of  which  is  within  said  projectile,  contajn.ng 
predetermined  quantities  of  said  oxidant  and  said  tuck 
70  means  to  iitermis  sard  predetermined  quantities  of  said 
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oxidant  and  said  fuel  in  a  combustion  chamber  including 
a  first  passage  connecting  said  oxidant  reservoir  wi'h  said 
combustion  chamber  and  a  second  passage  connecting 
said  fuel  reservoir  with  said  combustion  chamber,  nor¬ 
mally  closed  conduit  means  associated  with  the  reservoir  8 
in  said  projectile  and  the  other  said  reservoir  to  connect 
said  fuel  reservoir  with  a  source  of  said  oxidant  and  said 
oxidant  reservoir  with  a  source  of  said  fuel,  triggering 
means  initiated  on  tiring  of  said  gun  to  open  said  nor¬ 
mally  closed  conduits  and  allow*  intermixing  of  a  small  jq 
quantity  of  fuel  and  oxidant  to  pressurize  said  fuel  and 
oxidant  reservoirs  and  force  the  predetermined  quantities 
of  said  oxidant  and  said  fuel  through  S2id  first  and  sec¬ 
ond  passages  into  said  combustion  chamber. 

9.  The  firearm  as  in  claim  8  wherein  said  fuel  cham-  15 
her  is  formed  in  said  projectile  and  said  oxidant  chamber 

is  formed  in  said  casing  concentric  with  said  fuel  cham¬ 
ber  in  said  projectile. 

10.  The  firearm  as  in  claim  8  wherein  said  fuel  cham¬ 
ber  is  formed  in  said  projectile  and  said  oxidant  chamber  80 
is  formed  concentric  with  said  projectile  and  between  said 
projectile  and  said  casing  when  said  projec'ile  is  in  said 
casing. 

11.  A  liquid  propellant  gun  comprising  a  breech  cas¬ 
ing.  a  barrel  affixed  to  said  casing,  a  projectile  in  said  SB 
casing  aligned  with  said  barrel,  a  hypcrgolic  propellant 
comprising  an  oxidant  and  a  fuel,  separate  reservoirs  con¬ 
taining  predetermined  quantities  of  said  oxidant  and  said 
fuel,  means  to  intermix  said  predetermined  quantities  of 
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said  oxidant  and  said  fuel  in  a  combustion  chamber  in¬ 
cluding  a  first  passage  connecting  said  oxidant  reservoir 
with  said  combustion  chamber  and  a  second  passage  con¬ 
necting  said  fuel  reservoir  with  said  combustion  chamber, 
normally  closed  condeit  means  associated  with  said  oxi¬ 
dant  and  said  fuel  reservoirs  to  connect  said  feel  reservoir 
with  a  source  of  oxidant  and  said  oxidant  reservoir  with 
a  source  of  said  fuel,  means  initiated  on  firing  said  gun  to 
open  said  normally  dosed  conduits  and  allow  intermixing 
of  a  small  quantity  of  fuel  and  oxidant  to  pressurize 
said  oxidant  reservoir  and  said  fuel  reservoir  and  force 
said  predetermined  quantities  of  said  oxidant  and  said 
fuel  through  said  first  and  second  passages  for  inter¬ 
mingling  and  spontaneous  ignition  in  said  combustion 
chamber. 
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ABSTRACT  OF  THE  DISCLOSURE 

An  ignition  device  consisting  of  a  combustion  chamber, 
secured  in  a  hcisinu;  2  piston  operative  within  the  housing 
and  combustion  chamber  to  ignite  a  liquid  propellant  and 
expel  a  flame  lliraugh  a  small  bole  in  the  combustion 
chamber. 


The  invention  described  herein  mas  be  manufactured 
and  Used  hv  or  for  the  Government  for  governmental  pur¬ 
poses  without  the  payment  to  me  of  ar.y  royalty  thereon. 

Since  the  advent  of  caseless  ammunition  the  need  for  a 
clean,  combustible  primer  has  been  ever  present.  During 
repetitive  tiling  the  solid  panicles  in  tne  conventional  lead 
<tj  phn.r.e  mix.  such  as  antimony  sulfide,  would  collect  on 
the  seal  area  am!  on  the  firing  pin  and  cause  deterioration 
thereof. 

The  invention  consists  of  a  device  that  can  ignite  alkyl 
nitrate  liquid  propellants  and  expel  a  Same  through  a 
small  hole. 

Therefore,  the  object  of  the  present  invention  is  the 
provision  of  an  ignition  device  using  a  completely  gaseous 
primer. 

Another  object  is  to  provide  an  ignition  device  that 
docs  not  require  the  use  of  a  firing  pin. 

The  above  objects  as  well  as  others  together  with  the 
benefits  and  advantages  of  the  invention  wiil  be  apparent 
upon  reference  to  the  detailed  description  set  forth  below, 
p  iriic'ilarly  when  taken  in  conjunction  with  the  drawing 
annexed  hereto  in  which  there  is  shos.n  an  ignition  device 
10.  con‘!>ting  of  a  cylindrical  housing  12  and  n  combus¬ 
tion  chamber  14.  The  combustion  chamber  1-5  has  an  open 
er.J  16  extending  into  said  bousing  and  a  dosed  end  1* 
extending  outward  therefrom.  Said  closed  end  IS  has  an 
axial  ve.ti  b.o.e  20  therein.  A  piston  22  is  provided  extend¬ 
ing  through  both  the  housing  12  and  the  combustion 
chamber  14  Said  piston  is  of  a  diameter  slightly  smaller 
than  the  combust  on  chamber  diameter  and  has  a  radial 
projection  24.  the  diameter  cf  which  is  slightly  smaller 
than  the  bousing  diameter.  A  spring  or  resilient  means  26 
is  provided  at  the  rear  of  said  housing  12  between  said 
p  ejection  24  and  a  cap  21.  Said  cart  2*  is  secured  to  said 
housing  by  screw  threads  2*.  A  catch  means  or  sear  39  is 
provided  pivotally  attached  at  a.  to  housing  12.  The  scar 
55  is  biased  by  r:  a'ient  means  or  spring  34  to  remain  en¬ 
gaged  with  a  no  ih  36  in  piston  22.  The  forward  end  of 
the  ri'!0-i  22  is  piovidud  with  a  high  pressure  seal  ct  n- 
sisiiuc  of  metal  ti  tps  3*  and  39,  secured  in  radial  groo  -es 
49  and  41.  Be 'wee  i  the  groove  49  and  the  tip  of  the  pisto.i 
is  a  vapor  pocket  42.  Inlet  pons  44  and  44  are  provided  ir 
the  combustion  chamber  14  and  the  housing  12,  respre 
lively.  When  the  piston  22  it  in  the  cocked  position,  at 
shown  in  the  drawing,  the  inlet  pot's  44  and  44  are  located 
a  short  distance  in  f  :ont  of  the  tip  thereof. 

In  operation,  an  alkyl  nitrate  liquid  propellant  such 
as  elh;  i  nitrate  is  injected  ituo  the  inlet  por  t  44  and  46. 
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The  sear  39  is  pulled  down  against  the  actict  of  the 
spring  34  thereby  releasing  the  piston  22  through  the 
action  of  the  spring  26.  The  piMon  22  travels  forward 
compressing  the  vapor  of  the  liquid  propellant  in  the 
5  vapor  pocket  42.  As  the  pressure  in  the  vapor  pocket  42 
builds  up,  the  temperature  increases.  When  a  temperature 
of  450*  F.  it  reached  the  vapor  in  said  vapor  pocket  42 
ignites  thereby  igniring  the  remaining  liquid  in  the  com¬ 
bustion  chamber  14 ;  nd  the  liquid  that  is  escaping  through 
]0  the  vent  hole  29.  Tie  liquid  escaping  through  the  vent 
hole  20  ignites  the  ctscless  car. ridge  (not  shown)  or  the 
like  which  is  placed  directly  in  from  of  said  vent  hole  29. 
The  fiame  which  is  produced  at  the  vent  bole  29  reaches 
3000*  F. 

j  j  Fcr  example,  the  uti'uatlcn  of  a  vapor  pocket  of 
006;",  a  vent  hole  of  0.013",  a  combustion  chamber  bore 
of  0.250".  and  a  15  lb.  spring  will  yield  a  piiton  stroke 
of  2.50". 

Tne  piston  stroke  can  be  decreased  by  merely  reducing 
2o  the  diameter  of  the  vapor  pocket. 

Obviously  many  modifications  and  variations  of  the 
pre-ent  invention  are  possible  in  light  of  the  above  teach¬ 
ings.  It  is  therefore  to  be  understood,  that  within  the  scope 
of  the  appended  claims,  the  inversion  may  be  practiced 
25  otherwise  than  as  specifically  described. 

1  claim: 

1.  An  ignition  device  comprising  a  housing,  a  combus¬ 
tion  chamber  basing  ar,  open  end  extending  into  said 
housing,  and  a  closed  end  extending  outward  therefrom. 
20  said  closed  end  having  a  vent  means  therein,  said  combus¬ 
tion  chamber  having  iniet  means  coincidirg  with  inlet 
means  in  said  housing,  said  inlet  means  provided  for  the 
insertion  of  a  liquid  propellant,  a  piston  extending  through 
said  hou  dne  and  said  combustion  chamber,  said  piston 
35  defining  a  cy  lit iticaliv  shared  vapor  pocket,  located  radi¬ 
ally  within  said  piston  immediately  rearwardly  of  the  for¬ 
ward  end  ther-jf  ar.d  being  located  before  icnirion  imme¬ 
diately  behind  said  inlet  means  so  as  to  be  acie  to  collect 
the  sapor  therefrom  curing  its  passage  through  said  ebam- 
40  her.  a  first  ret,  'ient  means  located  in  the  rear  portion  of 
said  housing  Limiting  a  p*  ejection  means  on  s.id  piston 
and  a  cap  secured  to  the  end  of  said  housing.  a  catch 
means  pivo.aiiv  attached  at  one  end  to  said  he -'sing,  the 
other  end  of  said  catcf  t  'eans  engaging  a  ho'ding  means 
45  in  s'.id  piston  thereby  holding  said  piston  in  a  cocked 
oo-ition.  'kid  catch  mem.  be'r.g  biased  into  said  holding 
means  by  a  second  re.:  tent  means  on  the  side  of  said 
hot'ing. 

2  A  device  of  the  type  descr  «d  in  claim  I.  wherein 
60  saw.  pision  hts  a  plurality  of  tre  ?s  in  tf.c  vicinity  oi  its 

forward  end.  4niJ  groove,  contai  ng  high  pressure  seals. 

3.  An  ignition  device  comprisi.' ;  a  cylindrical  housing, 
a  combustion  chamber  1  >ing  an  open  ena  extending  into 
Said  hc'iitg,  and  a  c’a  d  end  l  ending  outward  the  re- 
66  from,  said  closed  end  .  -  ing  a  vent  hole  therein,  said  com¬ 
bustion  chair w-r  hash  ~  inlet  port  coinciding  with  inlet 
pons  in  said  heusirg.  said  irlet  pot  s  provided  for  the 
insertion  of  an  alkyl  nitrate  lie  cid  pro  reliant,  a  pistor  ex¬ 
tending  through  sai  1  housing  and  saic  combustion  chan- 
her.  said  pastor  defining  «  ryiindri  ally  shaped  vapor 
pocket,  located  radially  wi.bii  said  piston  immed'ately 
rearwardly  of  tne  forward  end  thereof  and  being  located 
before  ignition  immediately  behind  said  ioiet  means  so 
u  as  to  be  able  to  collect  the  vapor  therefrom  during  its 
passage  ih.-jjjh  said  chamber,  a  first  tpring  means  located 
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in  the  rear  portion  of  said  housing  abutting  a  radial  pro¬ 
jection  on  said  piston  and  a  cap  secured  to  the  end  of 
said  housing,  a  scar  pivotally  attached  at  one  end  to  said 
housing,  the  other  end  of  said  scar  engaging  a  notch  in 
said  piston  thereby  holding  said  piston  in  a  cocked  posi¬ 
tion,  said  sear  being  biased  into  said  notch  by  a  second 
spring  means  on  ti  e  side  of  said  housing. 
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[57J  ABSTRACT 

A  gun  system  employs  liquid  oxidizers  and  fuels  in* 
stead  of  the  conventional  solid  propellants.  To  start  a 
cycle,  a  propellant  chamber  is  pressurized  with  liquid 
propellant  to  5,000  PSI.  The  fluid  pressure  actuates  a 
piston  which  is  movable  within  the  propellant 
chamber  to  automatically  compress  a  spring.  The 
piston  is  provided  with  commercial  O-ring  seals  that 
are  capable  of  withstanding  the  5,000  PSI  and  seal  the 
only  opening  in  the  propellant  chamber.  After  pres¬ 
surization  a  quick-acting  valve  is  opened,  and  the 
spring-biased  piston  forces  the  liquid  propellant 
through  nozzles  and  into  a  combustion  chamber  where 
the  ensuring  combustion  launches  a  projectile.  Since 
the  pressure  in  the  combustion  chamber  equalizes 
with  the  pressure  in  the  propellant  chamber,  the  max¬ 
imum  pressure  applied  to  the  seals  is  the  5,000  PSI 
spring  pressure. 

9  Claims,  3  Drawing  Figures 
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SPRING  ACTUATED  LIQUID  PROPELLANT  GUN 
SYSTEM 

STATEM ENT  OF  GO VERNM ENT  INTEREST 

The  invention  described  herein  may  be  manufac¬ 
tured  and  used  by  or  for  the  Government  of  the  United 
States  of  America  for  governmental  purposes  without 
the  payment  of  any  royalties  thereon  or  therefor. 

BACKGROUND  oFTHE  INVENTION 

The  present  invention  relates  generally  to  improve¬ 
ments  in  propellant  gun  systems,  and  more  particularly 
it  pertains  to  a  new  and  improved  spring-actuated 
liquid  propellant  gun  system  wherein  the  maximum 
pressure  the  piston  seals  will  be  subjected  to  is  the 
spring  pressure  rather  t  tan  the  full  pressure  produced 
in  the  combustion  chamoer. 

In  the  prior  art,  liquid  propellant  guns  have  been 
designed  using  the  differential  piston  technique.  Such 
devices  have  been  unsatisfactory  as  the  O-ring  seals  are 
required  to  seal  the  full  combustion  chamber  pressure. 
However,  commercial  O-ring  piston  seals  are  only 
capable  of  handling  up  to  S.000  PSI  and  therefore  can¬ 
not  withstand  the  full  chamber  pressure  to  which  they 
are  subjected.  Another  problem  in  the  prior  art  has 
been  the  difficulty  in  providing  a  sustained  pressure 
during  the  projectiles  internal  ballistic  path.  In  opera¬ 
tion,  as  the  projectile  moves  down  the  gun  tube,  the 
volume  of  the  combustion  chamber  increases,  thereby 
decreasing  the  overall  pressure  applied  to  the  projec¬ 
tile. 

OBJECTS  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  invention 
to  provide  a  liquid  propellant  gun  system  wherein  the 
seals  are  required  to  withstand  only  5,000  PSI  spring 
pressure. 

Another  object  is  the  provision  of  an  increased  mass 
flow  of  propellant  to  enter  the  combustion  chamber  as 
the  projectile  moves  down  the  gun  tube  whereby  the 
pressure  driving  said  projectile  is  maintained  substan¬ 
tially  constant. 

A  further  object  of  the  invention  is  to  provide  greater 
gas  pressure  behind  the  projectile  during  its  internal 
ballistic  path. 

SUMMARY  OFTHE  INVENTION 

The  general  purpose  of  this  invention  is  to  provide  a 
spring-actuated  liquid  propellant  gun  system  which 
uses  liquid  oxidizers  and  fuels  instead  of  the  conven¬ 
tional  solid  propellants  normally  employed  in  propel¬ 
lant  gun  design.  To  start  the  cycle,  a  propellant 
chamber  is  pressurized  with  liquid  propellant  to  5,000 
PSI.  The  fluid  pressure  actuates  a  piston  movable 
within  the  propellant  chamber  to  automatically  com¬ 
press  a  spring.  The  piston  is  provided  with  commercial 
O-ring  seals  that  are  capable  of  withstanding  the  5,000 
PSI  and  seal  the  only  opening  in  the  propellant 
chamber.  After  pressurization  a  quick-acting  valve  is 
opened  and  the  spring-biased  piston  forces  the  liquid 
propellant  through  nozzles  and  into  a  combustion 
chamber  where  the  ensuing  combustion  launches  a 
projectile.  At  emission  of  the  projectile  the  quick-act¬ 
ing  valve  is  closed  and  the  cycle  is  complete. 


Due  to  the  arrangement  of  the  combustion  chamber 
and  the  propellant  chamber,  when  combustion  ensues, 
the  pressure  produced  is  applied  to  the  forward  end  of 
the  piston  as  well  as  through  the  propellant  chamber  to 
5  the  aft  end  of  said  piston.  In  this  manner,  equal  and  op¬ 
posite  combustion  pressures  are  applied  to  the  piston 
and  seals.  Thus,  the  resultant  driving  force  and  the  only 
net  force  applied  to  the  piston  seals  is  that  produced  by 
the  spring. 

10  Moreover,  as  a  result  of  the  force  the  spring-biased 
piston  applies,  the  system  provides  an  increasing  mass 
flow  of  propellant  to  enter  the  combustion  chamber  as 
the  projectile  moves  down  the  gun  tube.  This  enables 
I  j  the  gas  pressure  behind  the  projectile  to  remain  sub¬ 
stantially  constant  during  its  internal  ballistic  path. 

Other  objects,  advantages  and  novel  features  of  the 
invention  will  become  apparent  from  the  following 
detailed  description  of  the  invention  when  considered 
20  in  conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OFTHE  DRAWINGS 

FIG.  1  shows  a  cross  section  of  a  preferred  embodi¬ 
ment  of  the  spring-actuated  liquid  propellant  gun; 

25  FIG .  2  illustrates  a  section  of  the  device  taken  on  the 

line  2—2  of  FIG.  1  looking  in  the  direction  of  the  ar¬ 
rows;  and 

FIG.  3  shows  a  section  of  the  device  taken  on  line 
3—3  of  FIG.  2  looking  in  the  direction  of  the  arrows. 

30 

DESCRIPTION  OFTHE  PREFERRED 
EMBODIMENT 

FIG.  1.  which  illustrates  a  preferred  embodiment  of 
the  liquid  propellant  gun.  shows  an  assembly  10  having 
3  an  elliptical  propellant  chamber  12  and  a  cylindrical 
combustion  chamber  14.  A  suitable  quick-acting  valve 
16,  such  as  a  gate  valve,  separates  chambers  12  and  14. 
Valve  16  may  be  mechanically  operated,  as  by  a  spring 
40  (not  shown),  or  electrically  operated,  as  by  a  solenoid 
(not  shown).  With  valve  16  closed,  liquid  propellant  is 
pumped  into  propellant  chamber  12  through  a  suitable 
valve  IS. 

A  piston  20  is  slidingly  mounted  within  a  bore  12a 
4j  for  reciprocation  between  propellant  chamber  12  and 
combustion  chamber  14.  A  hole  15  is  provided  in  com¬ 
bustion  chamber  14  to  receive  piston  20.  As  seen  in 
FIG.  2,  piston  20  is  provided  with  a  concave  head  or 
face  21.  This  is  by  way  of  example  only,  as  the  piston 
SO  head  may  have  other  shapes,  such  as  flat  or  spherical. 
The  pressurized  propellant  applies  a  force  to  the  aft 
end  23  of  piston  20  to  move  it  through  hole  15  and  into 
combustion  chamber  14.  The  piston  20  is  fixedly  at¬ 
tached  to  two  L -shaped  connecting  rods  22  (see  FIG. 
55  2)  which  reciprocate  in  paths  25  outside  of  propellant 
chamber  12.  A  circular  plate  24  is  mounted  at  the  other 
end  of  connecting  rods  22.  Connecting  rods  22  and 
plate  24  are  mounted  to  reciprocate  in  a  driving 
chamber  within  a  cylindrical  housing  26  and  thereby 
compress  a  spring  2S  against  wall  30  of  housing  26. 
Spring  2S  it  supported  by  plate  24  and  is  situated  below 
piston  20  in  the  separate  housing  26  because  of  its  tiae 
and  to  prevent  exposure  of  the  spring  to  chamber  tem- 
peraturc  and  gases.  Commercial  O-ring  seals  32  are 
mounted  on  piston  20  and  are  capable  of  withstanding 
the  5,000  PSI  to  which  the  propellant  chamber  12  is 
subjected  to. 
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As  seen  in  FIG .  1 ,  a  suitable  inlet  means,  such  as  noz¬ 
zles  34,  are  provided  to  allow  the  liquid  propellant  in 
propellant  chamber  12  to  enter  combustion  chamber 
14,  when  gate  valve  16  is  opened.  Nozzles  34  provide 
the  necessary  propellant  injection  into  combustion 
chamber  14.  Combustion  chamber  14  is  adjacent  to 
and  opens  into  a  gun  tube  36  in  which  the  projectile  38 
to  be  launched  is  located. 

In  operation,  to  start  a  cycle,  gate  valve  16  is  closed 
and  liquid  propellant  is  pumped  into  propellant 
chamber  12,  under  pressure,  via  valve  18.  This  applies 
a  pressure  of  5,000  PSI  to  the  aft  face  23  of  piston  20  to 
actuate  it  in  a  forward  direction,  into  combustion 
chamber  14,  and  thereby  automatically  compress 
spring  28.  (Or,  of  course,  in  the  alternative,  spring  28 
may  be  mechanically  compressed  and  liquid  propellant 
then  pumped  into  propellant  chamber  12.)  After 
prcpeilant  chamber  12  has  been  pressurized  to  5,000 
PSI  and  spring  28  compressed,  gate  valve  16  is  opened. 
This  causes  spring  28  to  expand  and  thereby  actuate 
piston  20  in  an  aft  direction  to  force  the  pressurized 
liquid  propellant  through  nozzles  34.  As  liquid  propel¬ 
lant  enters  combustion  chamber  14,  the  combustion 
cycle  starts.  If  a  monopropeiiant  is  used,  an  igniter  (not 
shown)  is  inserted  in  combustion  chamber  14.  If  a 
hypergolic  mixture  of  an  oxidizer  and  fuel  is  used,  a 
piston  system  for  each  could  be  used  with  combustion 
starting  at  the  first  contact  of  the  two  fluids. 

As  a  result  of  the  propellant  being  forced  into  com¬ 
bustion  chamber  14  by  the  recoil  of  piston  20,  the  pres¬ 
sure  in  combustion  chamber  14  equalizes  with  the  pres¬ 
sure  in  propellant  chamber  12.  In  addition,  the  pressure 
produced  as  a  result  of  combustion  is  transmitted 
through  the  propellant  in  chamber  12  and  applied  to 
the  aft  face  23  of  piston  20  as  well  as  being  directly  ap¬ 
plied  to  the  forward  face  21  of  piston  20.  In  this 
manner,  equal  and  opposite  pressures  are  applied  to 
piston  20  and  seal  32  since  the  projected  areas  of  the 
forward  and  aft  faces  are  equal.  Thus,  the  resultant 
driving  force  and  the  only  net  force  being  applied  to 
seals  32  is  the  5,000  PSI  produced  by  the  compression 
of  spring  28.  The  explosive  pressure  of  the  combustion 
process  forces  projectile  38  out  of  gun  tube  36.  At 
emission  of  projectile  38,  gate  valve  16  is  closed,  thus 
stopping  the  cycle. 

As  a  result  of  spring-loaded  piston  20  forcing  the 
pressurized  fluid  through  nozzles  34,  it  is  seen  how  the 
invention  provides  an  increasing  mass  flow  of  propel¬ 
lant  to  enter  combustion  chamber  14  as  projectile  38 
moves  down  gun  tube  36.  The  pressure  produced  by 
the  combustion  process  is  distributed  over  the  con¬ 
tinually  increasing  volume  of  combustion  chamber  14 
as  the  projectile  38  moves  down  gun  tube  36.  This  in¬ 
crease  in  volume  would  normally  decrease  the  effective 
pressure  being  applied  to  projectile  38.  However,  in  the 
present  invention,  the  increased  flow  of  propellant 
being  forced  into  combustion  chamber  14  by  piston  20, 
maintains  a  constant  pressure  in  the  combustion 
chamber  as  its  volume  increases  whereby  the  effective 
pressure  being  applied  to  projectile  38  is  maintained 
substantially  constant  during  its  internal  ballistic  path. 

One  criterion  for  the  liquid  propellant  gun  to  func¬ 
tion  properly  is  that  the  nozzle  area  34  must  be  equal  to 
the  area  of  the  piston  20.  This  enables  the  spring  28  to 
move  at  its  maximum  velocity  and  increase  the  velocity 


of  piston  20.  which  increases  the  mass  flow  of  the 
propellant  entering  combustion  chamber  14  as  the  pro¬ 
jectile  38  moves  down  gun  tube  36. 

Obviously  many  modifications  and  variations  of  the 
5  present  invention  are  possible  in  the  light  of  the  above 
teachings. 

What  is  claimed  is: 

1.  A  liquid  propellant  gun  system  comprising: 

a  housing  having  a  combustion  chamber,  at  least  one 
10  propellant  chamber  and  at  least  one  driving 
chamber  therein; 

a  first  passageway  in  said  housing  connecting  said 
combustion  chamber  and  a  first  propellant 
j  5  chamber; 

a  first  piston  slidingly  and  sealingty  mounted  within 
said  first  passageway; 

said  first  piston  having  a  forward  lace  exposed  to 
pressure  within  said  combustion  chamber  and  an 
20  aft  face  exposed  to  pressure  within  said  first 
propellant  chamber,  said  forward  face  and  said  aft 
face  having  equal  projected  areas; 

first  biasing  means  within  a  first  driving  chamber 
connected  to  said  first  piston  for  normally  biasing 
25  said  first  piston  away  from  said  combustion 

chamber; 

first  means  to  force  said  first  piston  toward  said  com¬ 
bustion  chamber  against  the  force  of  said  first  bias¬ 
ing  means; 

30  a  second  passageway  in  said  housing  communicating 
with  said  first  propellant  chamber  and  said  com¬ 
bustion  chamber; 

first  valve  means  for  controlling  communication 
through  said  second  passageway  of  said  first 
' '  propeliant  chamber  and  said  combustion  chamber; 
and 

a  gun  tub-;  extending  from  said  combustion  chamber. 

2.  The  gun  system  of  claim  I  wherein  said  first  piston 
has  an  o-ring  seal  thereon. 

3.  The  gun  system  of  claim  1  wherein  said  first  bias¬ 
ing  means  comprises  a  plate  connected  to  said  first 
piston  and  movable  within  said  first  driving  chamber 
and  a  spring  means  for  normally  biasing  said  plate  away 

45  from  said  combustion  chamber. 

4.  The  gun  system  of  claim  3  wherein  said  first  valve 
means  comprises  nozzle  means  to  provide  injection  of  a 
propellant  into  said  combustion  chamber  and  a  gate 
valve  to  control  flow  through  said  nozzle  means. 

SO  5.  The  gun  system  of  claim  4  wherein  said  first  means 
comprises  the  pressurized  propellant  within  said  first 
propellant  chamber. 

6.  The  gun  system  of  claim  4  wherein  said  first  meant 
comprises  mechanical  meant  to  compress  said  first 

55  biasing  means. 

7.  The  gun  system  of  claim  4  wherein  L-shaped  con¬ 
necting  rods  connect  said  plate  tc  said  first  piston. 

8.  The  gun  system  of  claim  I  wherein  a  third 
passageway  connects  a  second  propellant  chamber 

w  with  said  combustion  chamber, 

a  second  piston  slidably  and  sealingly  mounted 
within  said  third  passageway,  having  an  upper  face 
exposed  to  pressure  within  said  combustion 
M  chamber  and  a  lower  face  exposed  to  pressure 
within  said  secood  propellant  chamber; 

a  second  driving  chamber  having  second  biasing 
means  therein  connected  to  said  second  piston  for 
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normally  biasing  said  second  piston  away  from  said 
combustion  chamber; 

second  means  to  force  said  second  piston  towards 
said  combustion  chamber  against  the  force  of  said 
second  biasing  means;  S 

a  fourth  passageway  in  said  housing  communicating 
with  said  second  propellant  chamber  and  sang 
combustion  chamber;  and 

second  valve  means  for  controlling  communication 
through  said  fourth  passageway  of  said  second  10 
propellant  chamber  and  said  combustion  chamber. 

9.  A  liquid  propellant  power  plant  which  comprises: 
a  housing  having  a  combustion  chamber,  at  least  one 
propellant  chamber  and  at  least  one  driving 
chamber  therein;  15 

a  first  passage  and  a  second  passage  both  connecting 
said  propellant  chamber  with  said  combustion 
chamber. 


6 

a  piston  slidingly  and  sealingly  mounted  within  said 
first  passage  having  a  forward  face  exposed  to 
pressure  in  the  combustion  chamber  and  an  aft 
face  exposed  to  pressure  in  said  propellant' 
chamber; 

said  forward  face  and  said  aft  face  having  equal  pro¬ 
jected  areas; 

biasing  means  connected  to  said  piston  for  normally 
urging  said  piston  away  from  said  combustion 
chamber; 

noz2le  means  within  said  second  passage  to  provide 
injection  of  a  propellant  from  said  propellant 
chamber  into  said  combustion  chamber; 

valve  means  to  control  the  flow  of  propellant  through 
said  nozzle  means;  and 

means  for  urging  said  piston  toward  said  combustion 
chamber. 
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LIQUID  PROPELLANT  GUN 
BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  liquid  propellant 
guns  and  particularly  to  an  injector  assembly  tt.crefor. 
The  invention  has  for  an  object  thereof  the  prevention 
of  back  pressure  on  the  injector  mechanism. 

Previous  designs,  for  example,  have  subjected  the 
injection  mechanism  to  firing  pressures.  To  survive 
firing,  these  components  had  to  be  small.  This  limited 
the  propellant  flow  areas,  slowing  injection  and  rate  of 
fire.  Additionally,  flow  passages  were  left  exposed, 
allowing  ullage,  unbumed  propellant,  and  structural 
weakening.  Guns  of  this  type  have  been  known  to  fail 
by  hot  gas  leakage  into  the  injector  mechanism  often 
with  resulting  spontaneous  disassembly. 

The  present  invention  is  an  improvement  over  the 
prior  liquid  propellant  gun  design  disclosed  in  Assign¬ 
ee’s  prior  application  Ser.  No.  612,817  filed  Sept.  12, 
1975  and  identified  as  Navy  Case  No.  57678. 

The  design  in  assignee's  prior  application  referenced 
above  protects  the  injector  mechanism  by  advancing 
the  bolt  to  block  the  firing  pressure.  In  other  words, 
after  injection,  the  bolt  is  moved  forward  translating 
the  projectile,  propellant  charge,  and  bolt  mechanism 
down  bore  until  the  end  of  the  bolt  is  ahead  of  the 
injector.  The  bolt  mechanism  must  then  stop  and  lock 
the  gun  before  firing.  This  protects  the  injector,  but  the 
bolt  actuation  and  locking  system  is  complicated  and 
must  be  heavy  enough  to  withstand  firing  pressures. 
Power  requirements  are  high  and  the  rate  of  fire  is 
reduced  as  a  consequence  of  the  stop-start  action. 

SUMMARY  OF  THE  INVENTION 

According  to  the  present  invention  the  injector 
mechanism  is  protected  from  firing  pressures  by  a  de¬ 
vice  in  the  form  of  a  sliding  block.  The  injector  mecha¬ 
nism  and  bolt  are  in  one  portion  of  the  block  and  the 
firing  device  is  in  a  second  portion  of  the  block.  After 
injection,  the  block  is  moved  to  a  position  with  the 
injector  mechanism  and  bolt  out  of  line  with  the  barrel 
and  with  the  firing  device  then  in  line  with  the  barrel. 
Sliding  the  injector  completely  away  from  the  high 
pressure  area  protects  it  and  the  propellant  supply 
system  from  the  high  pressures  and  dangers  of  fuel  or 
gas  leakage.  There  are  no  passages,  slots  or  holes  ex¬ 
posed  to  propellant  and  breech  pressures  during  firing. 
This  eliminates  pockets  of  trapped  propellant  as  well  as 
ullage  and  increases  the  strength  of  the  high  pressure 
area. 

This  arrangement  also  results  in  a  short  compact 
design  well  adapted  to  large  caliber  guns  where  a  long 
bolt  assembly  would  be  unwieldy.  Accordingly,  the 
sliding  breech  block  type  injector  module  simplifies 
liquid  propellant  gun  design  by  eliminating  the  complex 
bolt,  bolt  actuation,  bolt  jog  and  bolt  lock  of  the  prior 
mechanism  resulting  in  faster  firing  rates  made  possible 
because  the  moving  parts  are  smaller,  lighter  and 
moved  through  shorter  distances. 

BRIEF  DESCRIPTION  OF  THE  SEVERAL  VIEWS 
OF  THE  DRAWINGS 

FIG.  I  is  a  longitudinal  cross  sectional  view  of  the 
breech  area  of  a  liquid  propellant  gun  according  to  the 
invention  designed  to  fire  caseless  ammunition; 

FIG.  2  is  a  view  similar  to  FIG.  I  of  a  modification  for 
firing  semi-cased  projectiles;  and 
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FIG.  3  is  a  longitudinal  cross  sectional  view  of  a  semi- 
cased  projectile  useable  in  the  device  of  FIG.  2. 

DESCRIPTION  AND  OPERATION 

5  The  breech  area  of  a  liquid  propellant  gun  according 
to  the  invention  is  indicated  generally  by  the  numeral 
10  in  FIG.  1.  The  breech  end  of  the  barrel  is  indicated 
at  12,  the  breech  block  at  14  and  the  magazine  side  of 
the  breed,  at  16.  The  block  14  slides  in  a  slot  18  pro- 
10  vided  in  the  barrel-breech  area  the  rear  portion  20  of 
which  slot  provides  the  locking  or  reaction  surface 
during  firing. 

The  parts  are  shown  in  position  ready  for  firing  with 
the  projectile  22  forward  of  the  block  14  and  presum¬ 
ably  with  the  fuel  chamber  area  24  filled  with  liquid 
propeliant  fuel.  The  fuel  is  ignited  by  a  spark  igniter  26 
which  is  shown  chambered  within  the  sliding  block  14. 

A  circumferential  breech  seal  28  is  recessed  in  the 
2Q  breech  end  of  barrel  12  and  is  designed  to  react  to  the 
rising  propellant  pressures  preventing  the  escape  of  the 
products  of  combustion. 

The  injector  assembly  30  is  located  in  the  lower  pcs- 
tion  of  block  14  and  consists  of  a  circumferential  injec- 
25  tion  valve  32  coaxial  with  the  projectile  ram  or  bolt  34 
and  bolt  actuator  34'.  Movement  of  the  injection  valve 
32  is  accomplished  by  changing  pressure  in  one  side  or 
the  other  of  hydraulic  control  chamber  37  with  hydrau¬ 
lic  means  through  ports  36, 38  and  the  liquid  propellant 
30  is  supplied  under  pressure  through  the  port  40  into  the 
area  41  which  is  a  part  of  the  fuel  chamber  when  block 
14  is  in  the  injection  position. 

With  the  parts  in  the  position  shown  in  FIG.  1,  when 
it  is  desired  to  fire  another  projectile,  the  breech  block 
35  14  is  shifted  upwards  until  the  axis  of  the  injector  valve 
32  is  in  line  with  the  bore.  The  projectile  ram  34  is 
simultaneously  withdrawn  to  pick  up  a  new  round  from 
the  magazine  and  then  returns  to  ram  the  round  into 
the  breech  block  area.  When  the  liquid  seal  23  on  the 
40  projectile  22  enters  the  barrel  12  the  ram  34  is  halted. 
The  injection  valve  32  is  next  opened  by  hydraulic 
signals  through  port  36  allowing  an  external  pump  to 
deliver  a  new  charge  of  propellant.  The  new  charge 
enters  through  a  port  40  in  the  breech  block  and  flows 
45  into  the  space  between  the  projectile  and  ram.  The 
liquid  seal  35  on  the  ram  34  along  with  the  seals  23  and 
28  on  the  projectile  and  the  breech  end  of  the  barrel 
respectively  prevent  leakage  as  the  projectile  is 
pumped  into  its  firing  position  as  shown  in  FIG.  1.  After 
injection,  the  valve  32  is  closed  by  hydraulic  action  and 
the  ram  moved  forward  until  flush  with  the  breech 
block  as  the  breech  block  is  shifted  back  to  its  position, 
as  shown  in  FIG.  1,  and  the  gun  is  ready  to  fire.  The 
5;  breech  seal  28  is  under  pressure  at  this  time  and  pre¬ 
vents  leakage  as  the  breech  block  shifts. 

A  modified  liquid  propellant  gun  is  generally  indi¬ 
cated  in  FIG.  2  by  the  numeral  100.  The  FIG.  2  device 
operates  in  all  respects  as  the  device  of  FIG.  1  with  a 
60  few  exceptions. 

The  projectile  22  which  is  used  in  the  FIG.  2  devices 
comes  equipped  with  a  short  case  125  as  shown  in  FIG. 
3.  The  case  125  is  equipped  with  a  standard  pyrotech¬ 
nic  ignition  system  127  and  a  sealing  ring  129.  The  case 
65  125  is  assembled  to  projectile  122  with  a  fit  light 
enough  to  insure  relative  separation  during  injeftion. 
After  injection,  the  case,  propellant  charge,  and  projec¬ 
tile  are  rammed  to  the  firing  position  shown  in  FIG.  2. 
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With  this  arrangement  the  breech  end  of  the  barrel 
and  the  ram  need  not  be  fitted  with  seals  and  the  ram 
134  may  be  modified  to  include  a  case  extractor. 

This  arrangement  simplified  the  gun  design  by  pro¬ 
viding  a  new  high  pressure  breech  seal  and  igniter  for  5 
each  slot.  Additionally,  the  projectile  base  is  enclosed 
and  protected  by  the  semi-case  feature  which  advanta¬ 
geously  protects  the  fuze,  fins,  rocket  motor  or  guid¬ 
ance  mechanisms  in  more  complex  projectiles. 

What  is  claimed  is: 

1.  In  a  gun, 

a  sliding  breech  block  movable  between  a  firing  posi¬ 
tion  and  a  loading  position, 

a  firing  device  chambered  in  a  first  portion  of  said  15 
block, 

valve  means  including  a  cylindrical  valve  slidably 
mounted  in  a  second  portion  of  said  block  and 
defining  with  said  second  block  portion  a  fuel 
chamber  and  a  hydraulic  control  chamber,  20 

so  that  said  valve  means  is  removed  from  the  breech 
area  when  the  gun  is  in  said  firing  position  ready  to 
be  fired  by  said  firing  device. 

2.  The  gun  according  to  claim  1  further  including:  25 

a  forward  breech  portion  receiving  a  tubular  barrel, 

a  rearward  breech  portion  having  a  bore, 

a  bolt  and  bolt  actuator  mounted  for  sliding  action  in 
said  bore  and  movable  from  a  position  wholly 
within  said  bore  to  a  position  within  said  second  30 
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block  portion  when  said  block  is  in  said  loading 
position. 

3.  The  gun  of  claim  2  further  including: 

a  first  obturating  seal  in  said  barrel  at  the  juncture  of 
said  forward  breech  portion  and  said  block  and  a 
second  obturating  seal  on  the  forward  end  of  said 
bolt. 

4.  In  a  liquid  propellant  gun  for  firing  semi-cased  or 
uncased  rounds,  the  combination  comprising: 

a  gun  barrel; 

a  breech; 

a  breech  block  slidably  received  in  said  breech  and 
movable  from  a  first  position  for  firing  and  a  sec¬ 
ond  position  for  loading; 

a  firing  device  chambered  in  said  block  such  as  to  be 
placed  substantially  concentric  to  and  in  communi¬ 
cation  with  the  bore  of  said  barrel  when  said  block 
is  in  said  first  position; 

a  cylindrical  valve  slidably  mounted  in  said  block 
such  that  said  valve  is  placed  concentric  to  and 
communicating  with  the  bore  of  said  barrel  when 
said  block  is  in  said  second  position; 

a  bolt  and  bolt  actuator  associated  with  said  block 
such  that  said  bolt  is  slidably  received  within  said 
valve  so  that; 

when  said  block  is  in  said  first  position,  said  firing 
device  may  be  actuated  for  firing  a  projectile;  and 

when  said  block  is  in  said  second  position,  said  bolt 
may  be  reciprocated  to  reload  the  gun. 

*  «  *  *  * 
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[57]  ABSTRACT 

A  liquid  propellant  gun  featuring  concentric  propellant 
pump,  valve  and  bolt.  Forward  movement  of  the  bolt 
causes  forward  movement  of  the  propellant  pump  by 
interconnection  of  ball  detents.  The  valve  is  forced 
open  by  differential  pressure  and  closed  by  abutment  of 
pump  surfaces.  At  this  juncture  the  ball  detent  connec¬ 
tion  is  relieved  and  the  bolt  continues  forward  to  pres¬ 
surize  the  propellant  charge  before  firing. 

10  Claims,  1  Drawing  Figure 
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LIQUID  PROPELLANT  GUN 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  liquid  propellant 
guns,  and  more  particularly,  to  a  liquid  propellant  gun 
which  includes  a  mechanism  for  synchronizing  propel¬ 
lant  injection  with  bolt-action  for  rapid  fire. 

Previous  known  designs  have  used  switches  to  sense 
position  and  individual  actuators  to  position  the  bolt, 
open  the  injection  valve,  pump  the  propellant,  and 
close  the  valve.  This  is  unacceptably  slow,  complex, 
and  unreliable  for  rapid  fire  action.  One  prior  art  de¬ 
vice  has  a  drum  cam  containing  separate  cam  paths 
cooperating  with  separate  followers  for  actuating  the 
bolt,  valve,  and  propellant  pump.  This  arrangement, 
however,  results  in  a  very  complex,  cumbersome  and 
expensive  system. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  provides  apparatus  usable  in 
liquid  propellant  guns  such  as  those  described  in  assign¬ 
ee's  prior  copending  applications  Ser.  No.  612,817, 
filed  Sept.  12,  1975  now  U.S.  Pat.  No.  3,992,976  and 
Ser.  No.  613,690  filed  Sept.  15.  1975. 

The  present  invention  relates  to  a  valve,  pump,  and 
bolt  combination  wherein  the  propellant  pump  and 
valve  member  are  interconnected  by  a  ball  detent,  for 
example,  and  wherein  the  valve  is  forced  open  by  dif¬ 
ferential  pressure  and  automatically  closed,  for  exam¬ 
ple  by  abutment  of  pump  surfaces.  Forward  movement 
of  the  bolt,  in  the  preferred  embodiment,  causes  for¬ 
ward  movement  of  the  propellant  pump  through  the 
interconnection  of  a  ball  detent.  After  injection,  the 
ball  detent  connection  is  relieved  and  the  bolt  contin¬ 
ues  forward  to  pressurize  the  propellant  charge  and 
seat  the  projectile  before  firing. 

BRIEF  DESCRIPTION  OF  THE  SEVERAL  VIEWS 
OF  THE  DRAWING 

The  sole  FIGURE  illustrated  on  the  drawing  is  a 
partial  longitudinal  cross-sectional  view  taken  in  the 
breech  area  of  a  propellant  gun  according  to  the  pre¬ 
sent  invention. 

DESCRIPTION  AND  OPERATION 

The  breech  area  of  a  liquid  propellant  gun  according 
to  the  present  invention  is  generally  indicated  at  10  on 
the  drawing.  The  components  shown  include  a  barrel 
portion  12  and  an  integral  receiver  14.  Contained 
within  the  barrel  and  receiver  arc  a  propellant  pumping 
piston  16,  a  propellant  control  valve  18,  and  plurality 
of  radially  spaced  synchronizing  balls  20. 

The  firing  cycle  begins  with  the  pump  piston  16  in  the 
position  shown.  The  chamber  22  in  front  of  piston  16  is 
full  of  propellant  and  the  valve  18  is  closed.  A  projec¬ 
tile  26  has  been  loaded  through  an  opening  (not 
shown)  in  receiver  14  through  the  relieved  portion  of 
valve  18  while  the  bolt  was  in  its  rearmost  position. 
This  operation  nay  be  better  understood  by  reference 
to  Patent  No.  3,992,976  referenced  above.  The  bolt  24 
began  the  cycle  by  pushing  projectile  26  into  the  injec¬ 
tion  position  shown.  The  bolt  stopped  when  it  engaged 
the  synchronizer  balls  20,  which  arc  positioned  in  holes 
or  bores  28  in  the  pump  extension  and  confined  in  axial 
slots  30  provided  in  the  body  of  valve  18. 

When  bolt  24  and  pump  member  16,  locked  together 
by  the  balls  20,  are  moved  forward  they  cause  pressur- 
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ization  of  the  propellant  in  chamber  22.  A  wedge 
shaped  pumping  area  is  formed  between  the  tapered 
surface  of  the  forward  wall  of  chamber  22  and  the 
tapered  surface  of  the  forward  end  of  valve  18  is  indi- 
5  cated  at  32.  Propellant  pressure  acts  on  the  wedge 
shaped  valve  “pumping  area"  32,  causing  the  valve  to 
open.  The  amount  of  pressure  necessary  to  open  the 
valve  is  determined  by  the  contour  of  the  “pumping 
area”  and  the  closure  force  on  the  valve.  The  closure 
10  force  is  regulated  by  applying  a  constant  hydraulic  or 
pneumatic  pressure  through  port  34  to  a  piston  36 
which  bears  upons  a  flange  38  at  the  rear  of  the  valve. 
When  the  valve  opens,  the  bolt,  ball  and  pump  move 
forward,  pumping  propellant  between  the  bolt  and 
15  projectile. 

Near  the  end  of  the  injection,  the  pump  piston  16 
strikes  a  shoulder  40  on  valve  18  forcing  the  valve 
closed.  When  the  pump  and  valve  are  completely 
closed,  chamber  22  is  practically  empty  and  the  bolt 
20  nose  is  flush  with  the  valve  seat  as  indicated  by  dotted 
line  42.  In  this  position,  the  balls  are  in  line  with  the 
circumferential  groove  44  in  the  receiver.  The  balls  are 
pushed  into  this  groove  as  the  bolt  then  moves  forward 
into  firing  position  indicated  by  dotted  line  46.  This 
25  additional  travel  is  designed  to  protect  the  injector 
valve  and  pump  from  breech  pressure  when  the  propel¬ 
lant  is  ignited. 

After  firing,  the  bolt  is  withdrawn  allowing  the  syn¬ 
chronizer  balls  to  drop  out  of  their  receiver  groove  44 
30  releasing  the  pump;  fresh  propellant  is  introduced 
through  port  48  pushing  the  pump  back  to  its  original 
position  and  the  assembly  is  in  position  to  receive  a  new 
projectile.  The  cycle  can  then  be  repeated. 

From  the  above  it  can  be  readily  seen  that  this  inven- 
35  tion  simplifies  the  synchronization  problems  inherent 
in  liquid  propellant  guns.  The  multiple  synchronizing 
balls  control  the  position  of  the  valve  and  pump  under 
filling,  pumping,  and  firing  conditions,  and  maintain 
the  required  gun  kinematics.  The  bolt  is  the  only  com- 
40  ponent  which  requires  actuation  from  an  external 
source. 

The  pump,  valve,  and  synchronization  mechanism 
may  be  contained  within  a  single  replaceable  module 
allowing  low-cost  fabrication  and  easy  maintenance. 
45  Further,  since  the  synchronizer  balls  hold  the  valve  and 
pump  locked  closed  and  empty  whenever  the  bolt  is  in 
the  firing  position,  the  quantity  of  propellant  present 
and  thus  the  danger  of  damage  is  minimized  in  case  of 
a  casualty. 

50  Although  only  one  embodiment  of  the  invention  has 
been  described  and  illustrated,  it  should  be  mentioned 
that  pumping  forces  on  the  bolts  may  be  relieved  by 
slight  modifications  of  the  system.  One  suggested  modi¬ 
fication  comprises  a  hydraulic  pump  actuator  built  into 
55  the  receiver  which  may  be  actuated  by  a  signal  from  the 
bolt  to  help  move  the  propellant  pump.  This  arrange¬ 
ment  removes  some  of  the  load  from  the  synchronizer 
balls  during  the  injection  cycle.  Also,  the  closure  pres¬ 
sure  through  port  34,  may  be  relieved  upon  a  signal 
60  from  the  bolt  movement,  venting  the  pressure  at  that 
point,  thus  allowing  the  valve  to  be  popped  open  sub¬ 
stantially  without  resistance.  This  arrangement  reduces 
pumping  loads  both  on  the  bolt  and  the  synchronizer 
balls. 

65  Alternatively,  the  balls  can  be  arranged  to  strike  the 
end  of  the  valve  slot  30  to  close  the  valve,  thus  elimi¬ 
nating  the  need  for  shoulder  40  on  valve  body  18.  An¬ 
other  option  for  closing  the  valve  would  be  to  slow  the 
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bolt  toward  the  end  of  the  injection  cycle  and  allow  the 
closure  piston  36,  to  close  the  valve.  Further,  a  combi¬ 
nation  of  the  last  two  alternatives  has  been  suggested. 

What  is  claimed  is: 

1.  In  a  liquid  gun  having  a  barrel,  a  receiver,  a  cham-  5 
ber,  a  bolt  slidably  mounted  in  said  receiver  and  cham¬ 
ber  for  reciprocating  motion  along  the  axis  of  said 
barrel,  and  means  for  injection  of  fuel  for  firing  a  round 
from  said  barrel,  the  improvement  comprising: 

valve  means  in  said  receiver  cooperating  with  said  10 
bolt  for  controlling  access  of  fuel  to  said  chamber; 

pump  means  in  said  receiver  coaxial  with  said  bolt 
and  cooperating  with  said  valve  means  and  said 
bolt  to  pressurize  fuel  in  said  chamber. 

interconnecting  means  linking  said  valve  means  and 
said  pump  means  and  responsive  to  action  of  said 
bolt  to  effect  injection  of  fuel  from  said  chamber  to 
a  position  between  the  bolt  and  the  round. 

2.  The  liquid  propellant  gun  of  claim  1  wherein  said 
interconnecting  means  comprises  a  sphere  confined  in 
a  closely  fitting  opening  in  said  pump  means  and  riding 
in  an  elongated  slot  in  said  valve  means. 

3.  The  liquid  propellant  gun  of  claim  1  wherein  said 
interconnecting  means  comprises  at  least  one  detent  25 
member  slidably  mounted  in  a  bore  in  said  pump  means 
and  including  a  portion  thereof  riding  in  a  slot  in  a 
portion  of  said  valve  means. 

4.  The  liquid  propellant  gun  of  claim  1  wherein  said 
valve  means  is  biased  to  a  closed  position  by  a  constant  30 
fluid  pressure. 
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5.  The  liquid  propellant  gun  of  claim  4  wherein  said 
interconnecting  means  comprises  at  least  one  detent 
member  slidably  mounted  in  a  bore  in  said  pump  means 
and  including  a  portion  thereof  riding  in  a  slot  in  a 
portion  of  said  valve  means. 

6.  The  liquid  propellant  gun  of  claim  5  and  each  said 
detent  member  being  a  metal  sphere. 

7.  The  liquid  propellant  gun  of  claim  1  further  includ¬ 
ing: 

a  first  tapered  surface  forming  a  portion  of  the  for¬ 
ward  wall  of  said  chamber  in  line  with  the  forward 
end  of  said  valve  means;  and 

a  second  tapered  surface  on  the  forward  end  of  said 
valve  means; 

said  tapered  surfaces  being  at  slightly  differing  angles 
to  the  longitudinal  axis  of  the  barrel  so  as  to  form  a 
wedge  shaped  pumping  area; 

whereby,  when  propellant  is  forced  into  said  cham¬ 
ber,  pressure  building  up  in  said  pumping  area  will 
cause  opening  of  said  valve  means. 

8.  The  liquid  propellant  gun  of  claim  7  wherein  said 
valve  means  is  biased  to  a  closed  position  by  a  constant 
fluid  pressure. 

9.  The  liquid  propellant  gun  of  claim  7  wherein  said 
interconnecting  means  comprises  at  least  one  detent 
member  slidably  mounted  in  a  bore  in  sai>  pump  means 
and  including  a  portion  thereof  riding  in  a  slot  in  a 
portion  of  said  valve  means. 

10.  The  liquid  propellant  gun  of  claim  9  and  each 
said  detent  member  being  a  metal  sphere. 

*  *  •  »  * 
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ROTARY  BOLT  LIQUID  PROPELLANT  GUN 
BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

This  invention  relates  to  liquid  propellant  guns  and 
particularly  to  a  novel  loading,  propellant  injection  and 
firing  mechanism. 

2.  Description  of  the  Prior  Art. 

Generally,  liquid  propellant  guns  all  contain  a  mecha¬ 
nism  for  injecting  the  propellant.  Current  designs  use 
injection  valves  which  cannot  be  exposed  to  high  firing 
pressures  and  the  injection  mechanism  is  therefore  pro¬ 
tected  from  the  firing  pressures  by  using  a  sliding  bolt. 
After  injection,  for  example,  the  bolt  moves  forward  in 
the  breech,  pushing  the  propellant  column  and  projec¬ 
tile  before  it  down  the  bore,  until  a  bolt  seal  is  ahead  of 
the  injector  area.  An  example  of  this  type  of  gun  is 
disclosed  in  assignee’s  prior  application,  Ser.  No. 
612,817  filed  Sept.  12,  1975,  and  now  U.S.  Pat.  No. 
3,992,976  issued  Nov.  23,  1976.  Although  this  prior 
design  operates  satisfactorily,  the  bolt  actuating  and 
locking  system  is  complicated,  has  high  power  require¬ 
ments  and  slows  the  rate  of  fire  because  of  the  start  and 
stop  action. 

SUMMARY  OF  THE  INVENTION 

According  to  the  present  invention,  the  propellant 
injection  valve  mechanism  and  the  firing  device  are 
arranged  in  space  relationship  within  a  rotary  breech 
block  in  the  same  general  plane  with  a  central  bore, 
orthogonal  to  the  axis  of  rotation  of  the  block.  The 
breech  block  also  includes  an  axial  liquid  propellant 
transfer  arrangement  designed  to  supply  a  liquid  fuel 
and  an  oxidizer  to  the  injection  valve  mechanism.  The 
rotary  breech  block  herein  disclosed  completely  pro¬ 
tects  the  injection  system  by  moving  the  valve  mecha¬ 
nism  out  of  register  with  the  firing  chamber  before 
ignition.  The  rotary  breech  block  mechanism  is  de¬ 
signed  to  be  moved  intermittently  through  at  least  3 
sequential  positions  for  loading,  injection  and  firing 
respectively. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  longitudinal  cross  sectional  view  in  the 
breech  area  of  a  liquid  propellant  gun  according  to  the 
present  invention; 

FIG.  3  is  a  cross  sectional  view  of  the  FIG.  1  mecha¬ 
nism  taken  along  line  II — II; 

FIG.  2  is  a  schematic  plan  view  of  the  drive  mecha¬ 
nism  of  FIG.  1; 

FIG.  4  is  a  view  similar  to  FIG.  2  showing  the  rotary 
bolt  in  the  firing  position;  and 

FIG.  5  is  a  view  similar  to  FIG.  2  with  the  bolt  in  the 
loading  position. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

A  rotary  bolt  liquid  propellant  gun  breech  area  incor¬ 
porating  the  present  invention  is  generally  indicated  at 
10  in  FIG.  1.  The  loading  end  of  the  breech  area  is 
generally  indicated  at  12;  the  barrel  is  generally  indi¬ 
cated  at  14;  and  the  rotary  breech  block  is  generally 
indicated  at  16.  A  round  18  is  shown  in  the  barrel  and  a 
round  18a  is  shown  in  the  load  area. 

The  rotary  breech  block  16  is  rotatably  mounted  in 
the  breech  area  by  means  of  two  bearings  20,  21  and 
receives  fuel  and  oxidizer  through  a  rotary  joint  be- 
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tween  a  transfer  housing  sleeve  22  fixed  on  the  block 
and  a  stationary  transfer  or  feed  tube  24.  In  the  embodi¬ 
ment  illustrated,  the  feed  tube  24  is  divided  into  two 
separate  channels  26,  28  which  supply  an  oxidizer  and 
fuel  respectively.  The  breech  block  end  of  delivery  tube 
24  rests  in  a  bearing  30  fixed  in  the  face  of  block  16. 

Between  bearings  20  and  21  the  outer  surface  of 
breech  block  16  is  spherical  in  contour  and  closely  fits 
within  mating  concave  spherical  contours  in  the  loading 
end  12  and  barrel  end  respectively  of  breech  area  10.  In 
the  embodiment  shown,  block  16  contains  two  identical 
poppet  valves  32,  32a,-  two  identical  firing  devices  34, 
34a  (see  FIG.  3)  and  a  central  bore  36. 

The  breech  block  16  is  designed  to  be  driven  intermit¬ 
tently  and,  for  this  purpose,  carries  a  six  lobed  geneva 
wheel  38  integral  with  the  face  of  breech  block  16  oppo¬ 
site  feed  tube  24,  and  coaxial  thereto.  The  geneva  wheel 
38  is  driven  by  a  geneva  wheel  driver  40  which,  intum, 
may  be  driven  by  a  constant  speed  motor  (not  shown) 
through  shaft  42.  FIG.  2  illustrates  how  a  pin  44  on 
geneva  wheel  driver  40  cooperates  with  slots  46  on 
geneva  wheel  38  to  intermittently  drive  wheel  38.  Be¬ 
tween  drive  periods,  a  locking  surface  or  cam  48  coop¬ 
erates  with  one  of  the  surfaces  50  between  slots  on 
geneva  wheel  38  to  prevent  any  movement  of  wheel  38 
during  that  time. 

FIGS.  1  and  3  illustrate  the  device  at  the  beginning  of 
an  injection  cycle.  Valve  32  is  in  position  to  receive  fuel 
and  oxidizer  through  pom  26,  28  and  when  pressure  is 
applied  by  the  fuel  and  oxidizer  the  valve  body  52  will 
be  pushed  back  by  this  pressure  against  the  bias  of 
spring  54  and  chamber  56  will  be  filled  with  liquid, 
pushing  the  round  18  forward  in  the  barrel  as  shown  in 
FIG.  4.  Pressure  will  also  act  upon  chamber  seal  58  to 
press  against  the  spherical  surface  of  breech  block  16. 

After  injection  of  the  measured  amount  of  propellant 
has  been  accomplished,  the  breech  block  is  next  rotated 
to  the  position  shown  in  FIG.  4  with  the  igniter  34  in 
position  to  ignite  the  fuel  in  chamber  56,  forcing  the 
round  18  out  of  the  barrel.  Following  this  step,  the  next 
increment  of  rotation  of  block  6  places  the  parts  in  the 
position  shown  in  FIG.  5,  allowing  the  round  18a  to  be 
advanced  through  the  bore  36  into  chamber  56.  This 
may  be  accomplished  mechanically,  for  example,  by  a 
ram  (not  shown)  or  by  pneumatic  pressure. 

The  igniter  shown  in  the  above  embodiment  is  shown 
as  an  electrical  spark  type  but  it  may,  of  course,  be  any 
type  of  igniter  suitable  for  the  purpose.  Similarly,  the 
drive  mechanism  is  shown  as  a  geneva  type  drive  but 
any  intermittent  drive  which  will  lock  at  each  position 
would  serve  as  well.  The  same  rotary  breech  block 
concept  can  be  adapted  to  small  or  large  bore  guns. 

This  invention  completely  protects  the  injector 
mechanism  from  gun  gas  pressures  at  ignition  by  mov¬ 
ing  the  valve  mechanism  out  of  the  chamber  area  before 
firing.  The  sealing  surfaces  consist  of  easily  machined 
spherical  contours  and  no  bolt  lock  mechanism  is  re¬ 
quired. 

For  a  firing  speed  of  about  a  thousand  rounds  per 
minute,  the  shaft  42  of  the  geneva  wheel  driver  rotates 
at  a  constant  3,000  revolutions  per  minute.  At  this 
speed,  the  geneva  mechanism  will  cause  the  breech 
block  to  dwell  at  each  station  for  about  13  milliseconds. 
The  six  lobed  geneva  wheel  and  the  duplicate  valves 
and  igniters  are  used  to  reduce  breech  block  accelera¬ 
tion  and  drive  motor  power  requirements.  For  slower 
rates  of  fire,  a  three  or  four  station  block  could  be  used 
with  a  three  or  four  lobed  geneva  wheel,  for  example,  to 
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further  reduce  size  and  increase  dwell  time  at  each 
position. 

What  is  claimed  is: 

1.  A  liquid  propellant  gun  breech  loading,  injection 
and  firing  mechanism  comprising; 

a  liquid  propellant  gun  body  including  a  rearward 
loading  portion,  a  forward  barrel  portion  and  a 
rotatable  breech  block  intermediate  said  rearward 
and  forward  portion; 

said  gun  body  having  oppositely  facing  contoured 
portions  between  said  rearward  and  forward  por¬ 
tion; 

said  rotatable  breech  block  mechanism  comprising 
contoured  surfaces  complimentary  to  said  con¬ 
toured  surfaces  on  said  rearward  loading  and  for¬ 
ward  barrel  portions  so  that  said  breech  block  may 
be  closely  confined  between  said  contoured  sur¬ 
faces  for  rotary  motion  around  an  axis  perpendicu¬ 
lar  to  the  axis  of  said  barrel  portion; 

said  breech  block  further  comprising  a  fuel  transfer 
housing  having  a  cylindrical  inner  bore  coaxial 
with  said  rotational  axis  for  receiving  therein  a  fuel 
transfer  tube; 

said  breech  block  further  comprising  a  central  bore, 
at  least  one  injection  valve  mechanism  and  at  least 
one  firing  device  each  having  an  axis  of  symmetry 
within  a  plane  passing  through  the  barrel  axis  and 
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perpendicular  to  the  axis  of  said  fuel  transfer  hous¬ 
ing;  and 

means  for  incrementally  moving  said  breech  block  to 
serially  position  said  bore,  said  injection  valve 
mechanism  and  said  firing  mechanism  respectively 
in  line  and  register  with  said  barrel. 

2.  The  apparatus  of  claim  1  wherein  said  breech  block 
contains  diametrically  opposed  injector  valve  mecha¬ 
nisms  and  two  diametrically  opposed  igniter  mecha¬ 
nisms  and  wherein  the  axis  of  symmetry  of  said  injector 
valve  mechanisms  and  said  igniter  devices  are  spaced 
thirty  degrees  from  the  axis  of  symmetry  of  said  bore 
and  from  each  other. 

3.  The  apparatus  of  claim  1  wherein  said  contoured 
surfaces  of  said  breech  block  are  substantially  spherical. 

4.  The  apparatus  of  claim  1  wherein  said  means  for 
incrementally  moving  said  breech  block  is  a  six  lobed 
Geneva-type  mechanism  locking  said  breech  block  in 
six  respective  positions. 

5.  The  apparatus  of  claim  4  wherein  said  breech  block 
contains  two  diametrically  opposed  injector  valve 
mechanisms  and  two  diametrically  opposed  igniter 
mechanisms  and  wherein  the  axis  of  symmetry  of  said 
injector  valve  mechanisms  and  said  igniter  devices  are 
space  thirty  degrees  from  the  axis  of  symmetry  of  said 
bore  and  from  each  other. 

6.  The  apparatus  of  claim  5  wherein  said  contoured 
surfaces  of  said  breech  block  are  substantially  spherical. 
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[57]  ABSTRACT 

An  improved  bi-propellant  injection  system  for  a  liquid 
propellant  gun  including  a  valve  which  is  positively 
opened  at  the  start  of  the  injection  of  the  fuel  and  oxi¬ 
dizer  into  the  gun  chamber  and  held  at  a  predetermined 
displacement  to  provide  a  constant  size  propellant  ori¬ 
fice  throughout  the  fuT  and  oxidizer  injection  cycle. 

10  Claims,  2  Drawing  Figures 
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LIQUID  PROPELLENT  GUN,  POSITIVE 
DISPLACEMENT  SINGLE  VALVE 

BACKGROUND  OF  THE  INVENTION  5 

1.  Field  of  the  Invention 

The  strong  influence  of  propellant  mixing  on  liquid 
propellant  gun  interior  ballistics  has  been  recognized 
and  studied.  A  measuring  technique  to  determine  the  ^ 
degree  of  mixing  has  been  developed  and  indicates  that 
gun  performance  can  be  varied  from  misfires  through 
normal  bums  to  detonation  simply  by  varying  the  sever¬ 
ity  of  the  injection.  This  knowledge  has  underscored 
the  need  for  better  control  of  the  injection  process  in  the  15 
liquid  propellant  gun  technology. 

2.  Description  of  the  Prior  Art 

In  present  bi-propellant  liquid  propellant  guns,  the 
displacement  of  the  valves  during  injection  of  the  fuel 
and  oxidizer  into  the  chamber  of  the  gun  barrel  is  deter-  20 
mined  by  the  force  equilibrium  between  propellant  and 
holding  pressures.  This  method  leaves  the  valves  vul¬ 
nerable  to  influence  from  O-ring  friction,  bolt  nose  side 
loads,  trapped  air,  and  oscillatory  propellant  and  hold- 
ing  pressures.  The  valves  do  not  repeat  the  same  dis¬ 
placement-time  history  from  injection-to-injection, 
thereby  resulting  in  non-reproducible  propellant  mix¬ 
ing.  Control  of  all  variables  affecting  internal  ballistics 
is  important  if  consistant  results  are  to  be  obtained.  30 

SUMMARY  OF  THE  INVENTION 

The  invention  comprises  an  improved  bi-propellant 
injection  system  for  liquid  propellant  guns  wherein  the 
displacement  of  the  valves  is  accomplished  through  a  35 
positive  actuation  system.  The  liquid  propellant  gun 
comprises  a  receiver  block  having  a  central  cavity 
therein  which  houses  a  valve  having  a  forward  nose 
portion  which  seats  against  a  manifold  in  fluid  commu- 
nication  with  the  chamber  of  a  gun  barrel.  The  barrel  is 
affixed  to  the  receiver  block.  Surrounding  the  valve  is 
an  injector  piston  which  is  adapted  to  move  axially  with 
respect  to  the  valve  and  the  receiver  block.  Oxidizer 
and  fuel  receiving  receptacles  are  provided  within  the  45 
receiver  block  and  are  in  communication  with  the  injec¬ 
tor  piston. 

A  positive  stop  is  provided  rearwardly  of  the  injector 
piston  in  the  receiver  block  as  well  as  a  positjve  stop  in 
the  receiver  block  to  limit  rearward  travel  of  the  valve  50 
upon  opening.  Injection  of  the  fuel  and  oxidizer  into  the 
gun  barrel  chamber  is  attained  when  a  source  of  hydrau¬ 
lic  fluid  under  high  pressure  acts  on  the  injector  piston 
relative  to  the  valve  thereby  forcing  the  injector  piston 
forwardly  toward  the  gun  chamber  and  the  valve  rear-  ^ 
wardly  against  the  stop  in  the  receiver  block. 

In  the  improved  system  of  the  invention  the  valve  is 
positively  opened  at  the  start  of  the  injection  cycle  and 
held  at  a  predetermined  displacement.  This  produces  a  w 
constant  size  propellant  orifice  throughout  most  of  the 
injection  cycle. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  an  isometric  view,  partly  cut  away,  of  a  (,5 
liquid  propellant  gun; 

FIG.  2  is  a  cross-section  along  the  centerline  of  the 
embodiment  of  FIG.  1. 


DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

With  respect  to  FIG.  1,  in  the  present  configuration 
the  injector  is  housed  within  two  large  blocks  10  and  11 
formed  of  suitable  material  such  as  stainless  steel.  A 
receiver  block  12  attaches  to  the  rear  of  block  11  and 
four  long  stringer  bolts,  one  of  which  is  shown  at  13, 
hold  blocks  10,  11  and  13  together. 

A  gun  barrel  114  having  a  chamber  14  is  internally 
mounted  at  the  forward  end  of  block  10.  Rearwardly  of 
chamber  14  is  a  long  slender  valve  15.  Surrounding 
valve  15  is  an  injector  piston  16  which  is  adapted  for 
axial  movement  relative  to  the  valve  15  in  the  blocks  in 
which  it  is  housed. 

A  propellant  manifold  17  is  also  mounted  within  the 
cavity  in  blocks  10  and  11  and  surrounds  the  injector 
piston  16. 

Fuel  is  introduced  to  the  propellant  manifold  17 
through  inlet  18.  Oxidizer  is  introduced  to  the  manifold 
17  through  inlet  20.  Both  inlets  18  and  20  are  located  in 
block  10. 

A  source  of  high  pressure  hydraulic  fluid  is  intro¬ 
duced  through  inlet  22  while  a  similar  source  of  holding 
pressure  fluid  is  introduced  through  inlet  24  both  of 
which  are  shown  in  block  11. 

Rearwardly  of  block  11  is  a  guillotine  bolt  lock  26 
which  acts  to  lock  a  bolt  assembly  28  in  the  forward 
position  prior  to  firing.  Bolt  28  is  mounted  for  recipro¬ 
cal  movement  toward  and  away  from  the  chamber  14 
and  the  movement  is  accomplished  by  means  of  a  yoke 
30  affixed  to  the  rear  of  bolt  28  which  is  coupled  to  air 
cylinders,  one  of  which  is  shown  at  32.  Air  cylinders  32 
are  mounted  to  block  10  by  means  of  screws  34. 

A  cam  follower  36  is  also  part  of  bolt  assembly  28  and 
is  adapted  to  bear  on  and  cooperate  with  a  cam  38 
which  pivots  about  a  shoulder  screw  40.  Cam  38  is 
caused  to  rotate  about  shoulder  screw  40  through  the 
interaction  of  a  cam  slot  42  and  a  jog  release  pin  44. 

FIG.  2  is  a  cross-section  through  the  assembly  show¬ 
ing  the  injector  system  in  greater  detail.  Chamber  14  is 
shown  as  having  a  bore  50.  Rearwardly  of  the  chamber 
14  and  bore  50  is  a  foreward  nose  portion  52  on  valve  15 
which  cooperates  with  a  portion  54  on  the  propellant 
manifold  17.  The  rear  portion  at  the  nose  52  forms  a 
stop  21. 

Propellant  manifold  17  is  shaped  to  provide  an  oxi¬ 
dizer  receiving  recess  56  and  a  fuel  receiving  recess  58 
therein.  Axial  and  radial  holes  60  and  62,  respectively, 
in  the  propellant  manifold  17  allow  introduction  of  the 
fuel  to  the  chamber  of  the  gun  prior  to  firing. 

Injector  piston  16  is  shaped  to  provide  hydraulic 
cavities  64  and  66  between  the  piston  16  and  block  11 
and  piston  16  and  valve  15  respectively.  Radial  passage¬ 
ways  68  allow  fluid  communication  between  the  cavi¬ 
ties  64  and  66. 

Rearward  movement  of  jog  release  pin  44,  and  injec¬ 
tor  piston  16,  is  limited  by  a  charge/mass  adjustment 
screw  70  while  rearward  travel  of  valve  15  is  limited  by 
an  adjustable  valve  stop  72  comprising  a  threaded  ring. 

Operation  of  the  system  will  now  be  described  with 
respect  to  FIGS.  1  and  2.  During  the  time  that  the 
propellant  and  oxidizer  are  being  loaded  into  cavities  58 
and  56  respectively,  the  valve  15  is  maintained  in  a 
closed  position  by  means  of  holding  pressure  in  a  cavity 
74.  Loading  of  the  fuel  and  oxidizer  forces  the  injector 
piston  16  rearwardly  until  jog  release  pin  44,  contacts 
the  charge/mass  adjustment  screw  70.  This  measures 
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the  charge  of  propellant  to  be  injected.  Pressure  in 
cavity  74  holds  the  valve  IS  closed  during  the  filling 
process.  During  this  time,  the  bolt  assembly  28  is  ordi¬ 
narily  moved  rearwardly  out  of  the  interior  of  the  valve 
15  by  means  of  tk  air  cylinders  32.  S 

Once  the  fuel  and  oxidizer  have  been  introduced  into 
their  respective  cavities,  a  projectile  and  the  bolt  assem¬ 
bly  28  are  inserted  into  the  interior  of  valve  15  and 
pushed  forward  until  the  cam  follower  36  contacts  the 
rear  surface  of  cam  38.  At  this  time,  the  air  cylinders  32  >0 
exert  a  constant  forward  load  on  the  bolt  assembly  28 
and  another  air  cylinder  (not  shown)  exerts  a  constant 
downward  load  on  the  bolt  through  the  guillotine  bolt 
lock  26. 

Injection  of  the  fuel  and  oxidizer  into  chamber  14  15 
begins  as  high  actuation  pressure  is  introduced  into 
cavities  64  and  66.  Simultaneously  therewith,  valve  15  is 
forced  rearwardly  against  the  adjustable  valve  stop  72 
and  the  injector  piston  16  is  forced  forwardly  thereby 
pumping  propellant  into  the  gun  bore  50.  Oxidizer 
flows  from  chamber  56  directly  over  the  valve  nose  52 
and  fuel  flows  from  chamber  58  through  the  axial  holes 
60  and  then  through  the  radial  holes  62  into  the  bore  50. 
The  projectile  is  pumped  forwardly  into  the  chamber  14  ^ 
by  the  propellant  pressure. 

Near  the  end  of  the  injection  of  the  fuel  and  oxidizer 
into  the  chamber,  the  front  of  the  injector  piston  16 
contacts  stop  21  on  the  valve  nose  52  and  forces  the 
valve  closed.  Simultaneously,  the  cam  38,  after  rotating 
upwardly  due  to  the  forward  motion  of  the  jog  pin  44, 
releases  the  cam  follower  36.  That  is,  cam  38  rotates 
upwardly  around  shoulder  screw  40  allowing  cam  fol¬ 
lower  36  to  pass  thereunder. 

The  entire  bolt  assembly  28  jogs  forward  until  the  35 
cam  follower  36  contacts  the  receiver  block  12.  This  jog 
travel  pushes  the  projectile,  propellant  column,  and  bolt 
nose  breech  pressure  seal  76  completely  into  the  cham¬ 
ber  14.  At  this  time,  the  guillotine  bolt  lock  26  drops 
down  into  an  opening  in  bolt  assembly  thereby  locking  4Q 
the  bolt  into  place.  Then,  an  electric  spark  produced  in 
the  face  of  the  bolt  nose  ignites  the  propellant  causing 
discharge  of  the  projectile  from  the  gun  barrel. 

The  improvement  in  the  present  injector  over  previ¬ 
ous  designs  is  the  ability  to  repeatably  control  propel-  45 
lant  mixing.  This  is  accomplished  by  having  the  valve 
positively  opened  at  the  start  of  injection  and  held  at  a 
predetermined  displacement  to  provide  a  constant  size 
propellant  orifice  throughout  most  of  the  injection  cy¬ 
cle.  Also,  the  radial  fuel  passages  in  the  propellant  mani-  50 
fold  fix  the  size  of  the  fuel  orifice  at  the  point  where  fuel 
meets  oxidizer  which  is  flowing  over  the  face  of  the 
valve.  The  single  valve  concept  eliminates  the  possibil¬ 
ity  of  two  simultaneously  operating  valves  affecting 
each  other  and  thereby  varying  the  mix.  55 

Other  unique  features  are  that  the  hydraulic  pressure 
which  actuates  the  injector  piston  also  forces  the  valve 
open.  In  addition,  a  replaceable  manifold  surrounding 
the  injector  piston  directs  fuel  and  oxidizer  to  the  injec¬ 
tion  port.  Also,  a  synchronization  mechanism  consisting  60 
of  the  cam  38,  cam  follower  36  and  jog  pin  44  release 
the  bolt  assembly  28  at  the  end  of  the  injection  thereby 
allowing  the  bolt  to  jog  forward  into  the  fire  position. 

An  alternate  configuration  could  be  to  pump  fuel  to 
the  injection  port  through  axial  holes  in  the  single  valve  65 
rather  than  through  radial  holes  in  the  propellant  mani¬ 
fold.  The  design  could  also  be  modified  to  an  old  style 
twin  valve  configuration  with  one  valve  for  fuel  and 
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one  valve  for  oxidizer  while  retaining  the  positive  valve 
opening  feature. 

What  is  claimed  is: 

1.  An  injection  system  for  a  liquid  propellant  gun 
comprising: 

a  chamber  for  receiving  propellant  and  oxidizer  liq¬ 
uids; 

a  receiver  connected  to  said  chamber; 
a  manifold  within  said  receiver  and  having  passages 
in  fluid  communication  with  said  chamber; 
a  valve  mounted  within  said  manifold  for  selective 
movement  between  two  positions,  one  position 
providing  fluid  communication  between  said  pas¬ 
sages  in  said  manifold  and  said  chamber  and  one 
position  in  fluid  sealing  relation  between  said  pas¬ 
sages  in  said  manifold  and  said  chamber; 
a  piston  slidably  mounted  within  said  valve  and  con¬ 
figured  relative  to  said  valve  to  form  two  recesses 
therebetween;  and 

actuation  means  operatively  connected  to  said  piston 
and  said  manifold  for  selectively  moving  said  mani¬ 
fold  means  to  said  fluid  communication  position 
and  to  move  said  piston  so  as  to  change  the  dimen¬ 
sions  of  said  two  recesses  when  said  valve  in  said 
fluid  communication  with  said  chamber,  whereby 
the  contents  of  said  recesses  may  be  transferred  to 
said  chamber. 

2.  An  injection  system  according  to  claim  I  wherein 
the  actuation  means  is  hydraulically  coupled  to  said 
piston. 

3.  An  injection  system  according  to  claim  1  further 
comprising  a  bolt  mounted  for  reciprocative  movement 
within  said  receiver. 

4.  An  injection  system  according  to  claim  1  including; 
oxidizer  conduit  means  in  said  receiver  and  in  fluid 

communication  with  one  of  said  two  recesses 
formed  by  the  relative  configuration  of  aid  valve 
and  piston  for  transferring  oxidizer  thereto;  and 
propellant  conduit  means  in  said  receiver  and  in  fluid 
communication  with  second  of  said  t"  .ecesscs 
formed  by  the  relative  configuratii  "  of  r  ,;J  vB; 
and  piston  for  transferring  propei  iflf  ."lereto. 

5.  An  injection  system  according  toi.uuru  4  wheiem 
the  fluid  communication  between  satu  oxidizer  conduit 
means,  said  propellant  conduit  means  and  said  two  re¬ 
cesses  is  via  said  manifold. 

6.  An  injection  system  according  to  claim  I  further 
including  limit  means  carried  by  said  receiver  for  con¬ 
tracting  said  piston  to  restrict  movement  thereof. 

7.  An  injection  system  according  to  claim  6  wherein 
introduction  of  oxidizer  and  propellant  within  said  re¬ 
cesses  forces  said  piston  against  said  limit  means. 

8.  An  injection  system  according  to  claim  7  further 
including: 

oxidizer  conduit  means  in  said  receiver  and  in  fluid 
communication  with  one  of  said  two  recesses 
formed  by  the  relative  configuration  of  said  valve 
and  said  piston  via  apertures  in  said  manifold  for 
transferring  oxidant  therethrough;  and 
propellant  conduit  means  in  said  receiver  and  in  fluid 
communication  with  the  other  of  said  two  recesses 
formed  by  the  relative  configuration  of  said  valve 
and  said  piston  via  apertures  in  said  manifold  for 
transferring  propellant  therethrough. 

9.  An  improved  bi-propellant  injection  system  for  a 
liquid  propellant  gun  wherein  the  improvement  com¬ 
prises  an  arrangement  for  repeatably  controlling  propel¬ 
lant  mixing,  said  arrangement  including; 
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a  receiver  block  having  a  cavity  therein; 
a  gun  barrel  mounted  on  said  receiver  block  and 
having  a  propellant  receiving  chamber  at  one  end 
thereof; 

manifold  means  in  said  receiver  adjacent  said  Cham-  } 
ber  and  in  fluid  communication  therewith; 
valve  means  mounted  rearwardly  of  said  chamber 
and  coaxial  therewith  and  having  a  forward  nose 
portion  adapted  to  provide  a  fluid  tight  seal  with  ]Q 
respect  to  said  manifold  piston  means  in  the  cavity 
in  said  receiving  block  and  coaxially  mounted  with 
respect  to  said  valve  means  and  configured  for 
relative  axial  movement  with  respect  thereto; 
said  cavity  being  formed  with  fuel  and  oxidizer  re-  u 
ceiving  portions; 

said  receiving  and  oxidizer  portions  being  in  fluid 
communication  with  said  valve  means  and  said 
piston  injector  means; 


6 

axial  travel  limiting  means  mounted  in  said  receiver 
block  rearwardly  of  said  piston  injector  means  and 
adapted  to  limit  the  rearward  movement  of  said 
piston  means; 

injection  passageways  for  conveying  fuel  and  oxi¬ 
dizer  into  said  fuel  and  oxidizer  receiving  portions; 
said  fuel  and  oxidizer  forcing  said  piston  means  rear¬ 
wardly  against  said  travel  limiting  means  to 
thereby  precisely  control  the  amount  of  fuel  and 
oxidizer  in  said  receiving  portions;  and 
positive  actuating  means  acting  on  said  piston  means 
and  said  valve  means  to  cause  said  valve  means  to 
move  rearwardly  with  respect  to  said  piston  means 
to  thereby  provide  a  predetermined  orifice  opening 
with  respect  to  said  manifold. 

10.  An  improved  bi-propellant  injection  system  ac¬ 
cording  to  claim  9  wherein  said  positive  actuating 
means  includes  a  hydraulic  fluid  coupling. 

*  •  •  •  • 
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[57]  ABSTRACT 

An  ignitor  for  a  liquid  propellant  gun  having  a  center 
electrode  supported  and  surrounded  by  insulation  so 
that  only  a  planar  or  domed  face  is  exposed.  The  assem¬ 
bly  is  firmly  seated  in  the  bolt  nose  of  the  gun  and  sev¬ 
eral  outer  electrode  configurations  with  little  or  no 
precombustion  area  are  disclosed. 
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with  a  groove  5  near  the  nose  for  an  O-ring  3  which 
seals  the  bolt  end  of  the  combustion  chamber.  The  com¬ 
bustion  chamber  of  an  LPG  contains  a  bore  2  bounded 
BACKGROUND  OF  THE  INVENTION  on  the  barrel  end  of  the  gun  by  a  projectile  1.  The  pro- 


1.  Field  of  the  invention  5 

This  invention  relates  to  spark  ignitors  and  more 

particularly  to  spark  ignitors  for  liquid  propellant  guns. 

2.  Description  of  the  Prior  Art 

A  liquid  propellant  gun  (LPG)  is  one  in  which  a 
liquid  propellant  is  burned  in  a  firing  chamber  to  propel  10 
a  projectile  from  the  gun.  Such  a  gun  uses  a  simpler 
projectile  feed,  has  a  flatter  combustion  chamber  time- 
pressure  characteristic,  and  more  flexible  installation 
and  rapid  fire  features  than  a  conventional  gun.  The 
liquid  propellant,  which  may  be  either  a  monopropel-  15 
lant,  or  a  fuel  and  an  oxidizer,  bipropellant  is  injected 
into  the  bore  of  the  chamber,  which  is  defined  on  one 
end  by  the  base  of  the  projectile  and  on  the  other  by  a 
bolt  which  a  flattened  end,  termed  the  bolt  nose.  The 
bolt  slides  forward  to  seal  the  injection  ports  and  posi-  20 
tion  the  projectile.  To  fire  the  LPG,  the  propellant  is 
ignited  by  a  pyrotechnic,  thermal  or  electrical  ignitor. 

Previous  electrical  ignitors  employed  a  center  elec¬ 
trode  which  was  free  standing  and  projected  into  a 
small  precombustion  chamber  to  facilitate  propellant  25 
ignition.  These  ignitors  are  subject  to  the  bending  of  the 
center  electrode  due  to  pressure  in  the  gun  chamber,  on 
the  order  of  60  Kpsi  (41 1,700  Pa).  Prior  art  ignitors  also 
develop  very  high  electrode  temperatures  and  require 
frequent  replacement.  Test  results  have  shown  that  30 
prior  art  ignitors  are  also  dependent  on  electrical  polar¬ 
ity. 

SUMMARY  OF  THE  INVENTION 


pellant  is  injected  into  the  LPG  chamber,  the  bolt  slides 
forward  and  the  propellant  is  ignited  to  propel  the  pro¬ 
jectile. 

The  ignitor  is  thus  in  direct  communication  with  the 
extreme  temperature  and  pressure  of  the  LPG  chamber. 
To  provide  a  sturdy  ignitor,  the  center  electrode  6  is 
threaded  into  a  hard  insulative  seat  7,  such  as  anodized 
aluminum,  which  rests  on  a  copper  seal  8  in  an  interior 
chamber  of  the  bolt  4.  Insulation  between  the  seat  7  and 
the  copper  seal  8  is  provided  by  the  surface  of  the  seat 
7  and  by  a  dielectric  9  which  is  preferably  a  shock- 
resistant  material  and  preferably  TEFLON  ®  tape.  The 
outer  electrode  10  is  insulated  from  the  rodlike  portion 
of  the  inner  electrode  6  by  a  shock-resistant  insulator  11 
such  as  TEFLON  (ft).  TEFLON  (ft),  polytetrafluoroeth- 
ylene  is  a  preferred  insulator  due  to  its  relatively  high 
strength,  dielectric  constant,  thermal  properties  and 
resistance  to  acids  such  as  nitric  acid,  commonly  found 
in  LPG  oxidizers.  It  also  is  somewhat  elastomeric  and 
provides  shock  absorption,  although  it  may  tend  to 
extrude  from  the  assembly.  Glass-filled  TEFLON  (ft)  is 
therefore  preferred  to  prevent  extrusion.  Insulator  11 
has  a  base  portion  which  rests  on  s<at  7  and  an  elongted 
portion  which  extends  along  the  length  of  and  sur¬ 
rounds  the  center  electrode  6.  The  elongated  portion  is 
provided  with  threads  on  its  outer  surface  which  mate 
with  outer  electrode  10.  Outer  electrode  10  has  its  outer 
surface  threaded  to  match  threads  on  the  chamber  in 
bolt  4  and  its  inner  surface  is  threaded  to  receive  insula- 


A  sturdy,  reliable  ignitor  for  liquid  propellant  guns  is  3S 
installed  in  a  standard  bolt  nose  with  a  tubular  center 
electrode  anchored  in  a  seat  in  the  bolt  nose  and  sur¬ 
rounded  by  insulation.  The  center  electrode  does  not 
extend  beyond  the  insulation  except  that  if  a  rounded 
rather  than  flat  face  is  used,  the  rounded  portion  should  40 
extend  beyond  the  insulation.  An  annular  outer  elec¬ 
trode  surrounds  the  inner  electrode  and  either  does  not 
extend  beyond  the  inner  electrode  or  extends  in  such  a 
fashion  as  to  openly  communicate  with  the  combustion 
chamber.  45 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  I  is  a  cross  section  view  taken  along  the  longitu¬ 
dinal  axis  of  an  ignitor  according  to  the  presqpt  inven¬ 
tion  wherein  the  center  and  outer  electrodes  form  a  50 
planar  surface  extending  beyond  the  bolt  nose. 

FIG.  2  is  a  cross  section  view  taken  along  the  longitu¬ 
dinal  axis  of  an  ignitor  according  to  the  present  inven¬ 
tion  wherein  the  face  of  the  center  electrode  is  domed 
and  slightly  recessed  in  the  bolt  nose.  55 

FIG.  3a  is  a  cross  section  view  taken  along  the  longi¬ 
tudinal  axis  of  an  ignitor  according  to  the  present  inven¬ 
tion  wherein  the  center  electrode  is  on  a  plane  with  the 
bolt  nose  and  the  outer  electrode  extends  slightly  be¬ 
yond  the  bolt  nose.  60 

FIG.  36  is  an  end  view  of  the  ignitor  of  FIG.  3a 
showing  th ;  webbed  face  of  the  outer  electrode. 

DESCRIPTION  OF  THE  PREFERRED 

EMBODIMENTS  6J 

Referring  now  to  FIG.  1,  the  ignitor  of  the  present 
invention  is  installed  in  the  nose  of  a  standard  liquid 
propellant  gun  (LPG)  bolt  4.  Gun  bolt  4  is  provided 


tor  II.  When  the  insulator  11  is  TEFLON®,  the 
threads  in  the  inner  surface  of  electrode  10  and  on  the 
insulator  11  help  to  secure  the  insulator  and  prevent 
extrusion  during  gun  firing.  Insulator  11  is  loaded  to 
about  40,000  psi  (277,800  kPa)  when  the  outer  electrode 
is  threaded  into  the  assembly  to  seal  the  ignitor. 

The  outer  electrode  10  thus  surrounds  the  inner  elec¬ 
trode  6  and  is  separated  therefrom  by  the  thickness  of 
insulator  11.  A  center  portion  12  of  the  outer  electrode 
10  extends,  with  insulator  11  and  center  electrode  6, 
slightly  into  the  chamber  (about  7  mm  on  a  30  mm 
LPG)  to  form  a  flush  face  surface  consisting  of  the 
extended  center  portion  12  of  outer  electrode  10,  insula¬ 
tor  II  and  the  flat  end  of  center  electrode  6. 

The  spark  must  therefore  travel  between  inner  elec¬ 
trode  6  and  outer  electrode  10  across  a  flush  face.  Field 
plots  of  constant  voltage  lines  show  high  current  densi¬ 
ties  between  the  electrodes  in  a  flush  face  design.  This 
shows  a  distorted  electrical  field  effect  which  actually 
produces  a  single  filament  arc  at  lower  voltages  than 
free-standing  electrode  ignitors. 

Using  a  solid  state,  silicon  controlled  rectifier,  igni¬ 
tion  circuit  such  as  is  described  by  the  inventors  in  U.S. 
Pat.  No.  4,104,920  filed  10  Feb.  1977,  and  hereby  incor¬ 
porated  into  the  present  specification,  the  ignitors  de¬ 
scribed  herein  will  fire  at  50  volts  whereas  700  volts 
have  been  required  to  fire  other  ignitors.  As  much  as 
3,000  volts  may  be  used  with  the  ignitors  of  the  present 
invention  although  lower  voltages  are  desirable,  for 
example,  in  aircraft  application.  Twelve  hundred  to 
thirteen  hundred  volts  is  the  preferred  voltage  range 
(compared  to  1600  v  with  prior  designs)  and  about 
36-42  J  is  the  preferred  energy  range  at  the  electrodes. 
The  use  of  higher  energies,  however,  permits  the  use  of 
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the  present  ignitors  with  monopropellants  which  are 
generally  more  difficult  to  ignite  than  bipropellants 
wherein  the  fuel  and  oxidizer  are  separately  injected 
into  the  LPG  chamber. 

A  number  of  design  alternatives  to  the  ignition  as  j 
shown  in  FIG.  1  are  possible.  The  flush  face  need  not  be 
extended  into  the  chamber  although  this  provides  supe¬ 
rior  conduction  by  the  propellant  of  the  ignition  and 
provides  an  ullage  because  the  projectile  is  not  flush 
against  the  bolt  nose  during  propellant  injection.  The  t0 
center  electrode  6  and  seat  7,  rather  than  being  threaded 
into  each  other,  may  be  machined  out  of  a  single  piece 
of  stainless  steel. 

As  stated,  TEFLON  (g)  is  a  preferred  dielectric. 
However,  ceramics,  anodized  aluminum  wherein  the 
aluminum  oxide  surface  provides  the  insulation,  or 
other  plastics  may  be  used  for  insulation.  From  a  purely 
structural  standpoint,  sapphire  is  the  preferred  dielec¬ 
tric.  Ceramics  and  sapphire  possess  desirable  heat  trans¬ 
fer  and  structural  properties  so  as  to  be  equivalent  for 
purposes  of  the  present  invention.  For  conductive  mem-  20 
bers  stainless  steel  is  preferred.  A  pyrophoric  material, 
such  as  tungsten,  which  blasts  off  small  pieces  during 
firing  is  also  preferred  for  the  center  electrode,  as  this 
property  aids  in  complete  propellant  ignition. 

The  present  invention  lacks  a  precombustion  cham-  25 
ber,  provides  a  sufficiently  stable  spark  to  cause  ignition 
within  the  main  volume  of  propellant,  and  eliminates 
compression  problems  of  precombustors. 

The  embodiment  of  FIG.  2  retains  a  form  of  precom¬ 
bustor  area  13.  The  outer  electrode  14,  rather  than  re-  30 
siding  in  a  flush  bolt  face,  presents  a  flush  face  with  the 
insulator  which  is  recessed  into  the  bolt  nose. 

This  embodiment,  as  shown  in  FIG.  2,  uses  a  seat  IS, 
insulation  9,  and  seal  20  similar  to  the  extended  flush 
face  arrangement  of  FIG.  1.  However,  center  electrode  35 
21  presents  a  flush  face  with  the  insulator  which  is  re¬ 
cessed  into  a  chamber  in  the  bolt  nose. 

The  center  electrode  21  has  a  rearward  extension  22 
for  electrical  connection  through  the  bolt  4.  The  exten¬ 
sion  22  is  surrounded  by  a  coaxial  insulator  for  electrical  40 
insulation.  The  center  electrode  21  has  a  base  region  for 
support  in  seat  15  and  a  domefaced  cylindrical  portion 
which  is  insulated  by  three  dielectric  rings.  The  outer 
dielectric  rings  23  are  preferably  glass  filled  TE¬ 
FLON  ®  and  sandwich  a  center  ring  24  of  Coors  ce-  <5 
ramie.  The  dielectric  rings  23  or  24  abut  the  base  region 
of  the  center  electrode  21  and  extend  along  the  cylindri¬ 
cal  portion  so  that  only  the  domed  face  of  the  electrode 
is  exposed  in  the  precombustion  area  13,  whose  sides  are 
formed  by  outer  electrode  14,  which  is  threaded  into  „ 
the  bolt  nose  to  press  on  the  ceramic  discs  and  parts 
below.  The  ceramic  discs  should  be  machined  to  close 
tolerances  to  insure  structural  integrity  of  the  ignitors. 
Beyond  the  bolt  nose,  three  arms  of  the  center  electrode 
14,  two  shown,  project  to  reduce  turbulence  and  allow 
free  flow  of  the  main  porpellant  charge.  The  propellant  55 
is  enclosed  only  in  the  small  area  in  the  interior  of  the 
bolt  nose  and  the  cylindrical  portion  of  the  center  elec¬ 
trode  21  is  supported  along  its  entire  length  by  the  insu¬ 
lating  rings. 

Referring  now  to  FIG.  3,  a  further  variation  of  the  *0 
present  invention  has  a  tapered  insulator  25  supporting 
the  entire  length  of  a  center  electrode  26  which  is  flush 
with  the  bolt  nose.  The  outer  electrode  27  however, 
extends  beyond  the  bolt  nose  about  7  mm  in  a  30  mm 
LPG  to  form  a  small  precombustor  area  and  is  capped,  65 
as  shown  in  FIG.  3b,  by  a  flat  web  which  permits  com¬ 
munication  with  the  main  propellant  charge.  The  arc 
forms  between  the  center  electrode  and  the  center  of 
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the  web.  Sharp  edges  and  the  small  gap  between  the  tip 
of  the  center  electrode  and  the  center  of  the  web  pro¬ 
duce  a  distorted  field  effect  which  permits  a  low  volt¬ 
age  spark. 

In  all  of  the  foregoing  embodiments,  the  center  elec¬ 
trode  may  be  positive  or  negative.  In  previous  ignitors, 
significantly  higher  voltages  were  necessary  if  the  cen¬ 
ter  electrode  was  positive.  The  diameter  of  the  center 
electrode,  while  not  critical,  is  about  0.32  cm  (i  inch)  in 
a  30  mm  LPG. 

Voltage,  electrode  surface  area,  sharp  edges  and  gap 
size  may  all  be  adjusted  to  yield  the  desired  spark  char¬ 
acteristics.  The  ignitors  of  the  present  invention  having 
a  flush  face  could  be  adapted  for  use  in  binary  bombs, 
fuel-air  explosives  or  the  like. 

What  is  claimed  is: 

1.  An  ignitor  for  a  liquid  propellant  gun  having  a  bore 
comprising: 

a  bolt  having  a  nose; 

a  center  electrode  having  a  rodlike  portion,  a  domed 
end  and  a  broadened  end  anchored  in  said  bolt  at 
said  broadened  end; 

ring  means  for  insulating  said  center  electrode,  sur¬ 
rounding  and  abutting  the  rodlike  portion  of  the 
center  electrode  so  that  only  the  domed  end  is 
exposed  to  said  bore; 

an  outer  electrode  having  a  threaded  portion  an¬ 
chored  at  one  end  in  the  bolt,  abutting  said  ring 
means  and  surrounding  said  domed  end  of  said 
electrode,  said  threaded  portion  extending  beyond 
said  domed  end  but  not  beyond  said  bolt  nose;  and 

means  for  transmitting  electrical  energy  to  said  center 
electrode  and  connected  thereto  so  as  to  cause  a 
spark  between  said  center  and  outer  electrodes. 

2.  The  ignitor  of  claim  1  wherein  said  ring  means 
comprises  a  ceramic  ring  and  a  glass-filled  polytetraflu- 
oroethylene  ring. 

3.  The  ignitor  of  claim  1  wherein  the  outer  electrode 
includes  a  plurality  of  arms  extending  beyond  said  bolt 
nose. 

4.  The  ignitor  of  claim  1  wherein  said  ring  means 
includes  a  ceramic  ring. 

5.  The  ignitor  of  claim  1  wherein  said  transmitting 
means  includes  an  integral  cylinderical  extention  of  said 
center  electrode  extending  away  from  said  bolt  nose. 

6.  The  ignitor  of  claim  1  wherein  said  ring  means 
includes  two  glass-filled  polytetrafluoroethylene  rings 
on  either  side  of  a  ceramic  ring. 

7.  An  ignitor  according  to  claim  1  wherein  said 
domed  and  of  said  center  electrode  extends  outwardly 
toward  said  bolt  nose. 

8.  The  ignitor  of  claim  1  further  comprising  an  insu¬ 
lated  seat  for  supporting  said  center  electrode  at  the 
broadened  end. 

9.  The  ignitor  of  claim  8  wherein  said  outer  electrode 
further  comprises  a  plurality  of  arms  extending  beyond 
said  bolt  nose. 

10.  An  ignitor  according  to  claim  1  wherein  said 
center  electrode  is  recessed  in  a  precombustion  area 
having  sides  which  are  portions  of  said  outer  electrode. 

11.  An  ignitor  according  to  claim  10  wherein  said 
domed  end  of  the  aforesaid  center  electrode  extends  in 
an  outwardly  convex  fashion. 

12.  An  ignitor  according  to  claim  11  wherien  the 
aforesaid  outer  electrode  is  configured  to  have  a  plural¬ 
ity  of  arms  extending  outwardly  beyond  said  bolt  nose. 

13.  An  ignitor  according  to  claim  11  wherein  the 
aforesaid  bolt  has  a  circumfrential  groove  dimensioned 
to  support  an  O-ring. 
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[57]  ABSTRACT 

A  liquid  propellant  gun  having  a  chamber  adapted  to 
receive  a  projectile  and  liquid  propellant  and  having  a 
breech  area  containing  a  fuel  injection  system  and  a 
valve  internally  thereof  and  a  bolt  which  is  chambered 
within  said  valve  and  adapted  to  move  from  a  projectile 
load  to  a  fire  position.  The  movement  of  the  bolt  from 
projectile  load  to  fire  position  is  done  in  one  movement 
and  this  is  possible  in  that  the  valve  is  able  to  hold  high- 
pressure,  making  unnecessary  a  forward  jogging  of  the 
bolt  before  firing. 

7  Claims,  4  Drawing  Figures 
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LIQUID  PROPELLANT  GUN,  BREECH 
PRESSURE  AXIAL  INJECTION 

BACKGROUND  OF  THE  INVENTION 

!.  Field  of  the  Invention: 

The  invention  relates  to  liquid  propellant  guns  and 
more  specifically  to  an  injection  system  for  a  liquid 
propellant  gun  wherein  the  valve  and  injector  cooper¬ 
ate  such  that  the  valve  is  able  to  contain  high-pressure. 
This  feature  of  the  valve  allows  the  bolt  to  be  moved 
smoothly  from  projectile  load  to  fire  position  without  a 
forward  jogging  of  the  bolt  after  the  fuel  and  oxidizer 
have  been  injected  and  before  firing. 

In  the  past  it  has  been  necessary,  with  liquid  propel¬ 
lant  guns  featuring  dynamic  propellant  loading,  to  pro¬ 
tect  the  propellant  injection  valve  from  high  breech 
pressure.  This  was  accomplished  by  jogging  the  bolt 
forward  past  the  valve  port  following  injection  such 
that  a  seal  on  the  bolt  nose  held  the  breech  pressure 
away  from  the  valve.  Bolt  jog  motion  however,  compli¬ 
cates  the  overall  gun  mechanism. 

Three  separate  actuators  are  required  in  that  the  mo¬ 
tion  of  each  major  component  occurs  sequentially;  in¬ 
jection  first,  jog  second,  and  bolt  lock  third.  A  subse¬ 
quent  operation  cannot  proceed  until  the  previous  oper¬ 
ation  has  been  completed. 

Such  a  system  would  have  difficulty  achieving  the 
short  cycle  time  necessary  for  an  automatic  gun  with  a 
high  rate  of  fire. 

2.  Description  of  the  Prior  Art: 

Examples  of  prior  art  liquid  propellant  guns  are  set 
forth  in  U.S.  Pat.  Nos.  3,922,976  and  4,005,632.  U.S. 
Pat.  No.  3,992,976  especially  focuses  on  the  problem 
intended  to  be  overcome  in  the  present  invention 
wherein  after  injection  the  bolt  is  moved  forwardly 
thereby  translating  the  projectile,  propellant  charge  and 
bolt  mechanism  forwardly  until  the  end  of  the  bolt  is 
ahead  of  the  injector.  The  bolt  mechanism  must  then  be 
stopped  and  locked  thereby  locking  the  gun  before 
firing.  This  protects  the  injector  but  the  bolt  actuation 
and  locking  system  is  complicated  and  must  be  heavy 
enough  to  withstand  firing  pressures.  Also,  power  re¬ 
quirements  are  high  and  the  rate  of  fire  is  reduced  as  a 
consequence  of  the  stop-start  action. 

SUMMARY  OF  THE  INVENTION 

The  invention  is  primarily  concerned  with  a  novel 
valve  and  injector  system  wherein  the  bolt  can  be 
moved  from  projectile  load  to  fire  position  in  one  stroke 
without  the  necessity  for  an  intermediate  stop  and  a 
jogging  movemr  it  when  the  fuel  and  oxidizer  are  in¬ 
jected.  This  is  accomplished  by  having  a  valve  which  is 
carried  internally  of  an  injector  piston.  The  injector 
piston  is  moveable  axially  under  the  influence  of  a 
shoulder  on  the  bolt  which  picks  up  the  rear  portion  of 
the  injector  piston  upon  forward  movement  of  the  bolt. 
As  the  bolt  is  forced  forward  it  moves  the  injector 
piston  forward  which  causes  propellant  pressure  to 
increase  to  “pop”  the  valve  open.  The  valve  opens  by 
being  moved  rearwardly  against  a  holding  force.  Pro¬ 
pellant  is  then  pumped  through  the  valve,  into  the  gun’s 
chamber.  The  valve  is  then  sealed  before  firing  by  hav¬ 
ing  the  bolt,  on  completion  of  its  forward  movement, 
act  on  a  lip  on  the  valve  to  force  it  into  a  closed  position. 
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BRIEF  DESCRIPTION  OF  THE  DRAWING 

FIG.  1  is  an  isometric  view  showing  the  valve,  injec¬ 
tor  piston  and  projectile; 

FIG.  2  is  a  cross-sectional  view  along  the  center  axis 
of  the  rear  portion  of  the  liquid  propellant  gun  in  a 
projectile  load  position; 

FIG.  3  is  a  cross-sectional  view  along  the  center  axis 
of  the  liquid  propellant  gun  in  the  inject  position;  and 

FIG.  4  is  a  cross-sectional  view  along  the  center  axis 
of  the  liquid  propellant  gun  showing  the  mechanism  in 
fire  position. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

FIG.  1  is  an  isometric  view  of  valve  10,  injector  pis¬ 
ton  11,  and  projectile  12.  As  shown  in  FIG.  1,  the  injec¬ 
tor  piston  is  configured  to  contain  the  valve  10  inter¬ 
nally  thereof.  The  valve  10  and  injector  piston  are  cut 
away  as  at  13  to  allow  the  projectile  12  to  be  chambered 
internally  thereof. 

The  injector  piston  has  a  lip  seal  14  and  an  O-ring  seal 
15  at  the  forward  portion  thereof  and  O-ring  seal  16  at 
the  rearward  portion  thereof  taken  with  respect  to  FIG. 

1. 

Small  annular  cavities  as  at  17  are  formed  at  the  for¬ 
ward  portion  of  the  injector  piston  11.  The  small  annu¬ 
lar  cavities  17  are  adapted  to  receive  fuel  during  opera¬ 
tion  of  the  system. 

Details  of  the  entire  assembly  are  more  clearly  shown 
in  FIGS.  2,  3,  and  4.  In  FIG.  2,  the  entire  mechanism  is 
in  a  projectile  load  position  and  shows  a  bolt  18  cham¬ 
bered  internally  of  the  valve  10  and  having  a  shoulder 
19  at  the  rearward  portion  thereof.  Also  shown  is  a 
toggle  mechanism  20,  the  purpose  of  which  will  become 
more  clear  as  the  explanation  of  moving  the  bolt  from 
unload  to  load  position  is  gone  into.  A  manifold  21  is 
fixed  internally  in  the  bore  of  the  liquid  propellant  gun 
and  has  a  face  22  thereon  which  cooperates  with  a  seal 
23  at  the  forward  end  of  the  valve  10.  Carried  by  the 
manifold  21  are  a  series  of  individual  injectors  34  which 
are  received  in  the  small  annular  spaces  17. 

Valve  10  is  configured  at  the  rear  portion  thereof  to 
form  a  holding  pressure  chamber  24  which  communi¬ 
cates  through  opening  25  with  a  holding  fluid  under 
pressure. 

Fuel  and  oxidizer  are  introduced  to  the  manifold  21 
via  ports  26  and  27  respectively.  Oxidizer  fills  a  large 
annular  cavity  28  internally  of  the  gun  and  externally  of 
the  valve  10  while  fuel  occupies  the  volume  formed  by 
the  small  annular  cavities  17. 

The  mechanism  is  shown  in  the  projectile  load  posi¬ 
tion  in  FIG.  2  with  again,  oxidizer  filling  the  large  annu¬ 
lar  cavity  28  and  fuel  occupying  the  series  of  small  axial 
cavities  17  within  the  mjector  piston  11.  The  holding 
pressure  applied  through  port  25  to  the  rear  of  the  valve 
10  keeps  the  valve  closed.  Projectile  12  is  loaded 
through  the  area  13  in  the  valve  and  injector  piston  and 
stops  in  the  valve  just  forward  of  the  bolt  18. 

In  FIG.  3,  bolt  18  and  projectile  12  have  been  pushed 
forward  until  shoulder  19  on  the  bolt  contacts  the  rear 
of  the  injector  piston  11.  This  forward  movement  is 
accomplished  by  hydraulic  pressure  in  chamber  40 
which  is  pumped  in  through  access  42  and  pushes 
against  seal  44.  The  double  toggle  bolt  lock  20  has  en¬ 
gaged  the  bolt  18  at  the  rear  of  shoulder  19.  A  liquid  seal 
30  on  the  projectile  12  is  seated  within  the  bore  of  the 
manifold  21. 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


1 


4,172,408 


LIQUID  PROPELLANT  GUN,  BREECH 
PRESSURE  AXIAL  INJECTION 

BACKGROUND  OF  THE  INVENTION  5 

1.  Field  of  the  Invention: 

The  invention  relates  to  liquid  propellant  guns  and 
more  specifically  to  an  injection  system  for  a  liquid 
propellant  gun  wherein  the  valve  and  injector  cooper-  jq 
ate  such  that  the  valve  is  able  to  contain  high-pressure. 
This  feature  of  the  valve  allows  the  bolt  to  be  moved 
smoothly  from  projectile  load  to  fire  position  without  a 
forward  jogging  of  the  bolt  after  the  fuel  and  oxidizer 
have  been  injected  and  before  firing.  15 

In  the  past  it  has  been  necessary,  with  liquid  propel¬ 
lant  guns  featuring  dynamic  propellant  loading,  to  pro¬ 
tect  the  propellant  injection  valve  from  high  breech 
pressure.  This  was  accomplished  by  jogging  the  bolt 
forward  past  the  valve  port  following  injection  such  20 
that  a  seal  on  the  bolt  nose  held  the  breech  pressure 
away  from  the  valve.  Bolt  jog  motion  however,  compli¬ 
cates  the  overall  gun  mechanism. 

Three  separate  actuators  are  required  in  that  the  mo¬ 
tion  of  each  major  component  occurs  sequentially;  in-  25 
jection  first,  jog  second,  and  bolt  lock  third.  A  subse¬ 
quent  operation  cannot  proceed  until  the  previous  oper¬ 
ation  has  been  completed. 

Such  a  system  would  have  difficulty  achieving  the 
short  cycle  time  necessary  for  an  automatic  gun  with  a 
high  rate  of  fire. 

2.  Description  of  the  Prior  Art: 

Examples  of  prior  art  liquid  propellant  guns  are  set 
forth  in  U  S.  Pat.  Nos.  3,922,976  and  4,005,632.  U.S.  3S 
Pat.  No.  3,992,976  especially  focuses  on  the  problem 
intended  to  be  overcome  in  the  present  invention 
wherein  after  injection  the  bolt  is  moved  forwardly 
thereby  translating  the  projectile,  propellant  charge  and 
bolt  mechanism  forwardly  until  the  end  of  the  bolt  is  40 
ahead  of  the  injector.  The  bolt  mechanism  must  then  be 
stopped  and  locked  thereby  locking  the  gun  before 
firing.  This  protects  the  injector  but  the  bolt  actuation 
and  locking  system  is  complicated  and  must  be  heavy 
enough  to  withstand  firing  pressures.  Also,  power  re-  45 
quirements  are  high  and  the  rate  of  fire  is  reduced  as  a 
consequence  of  the  stop-start  action. 

SUMMARY  OF  THE  INVENTIQN 

The  invention  is  primarily  concerned  with  a  novel  50 
valve  and  injector  system  wherein  the  bolt  can  be 
moved  from  projectile  load  to  fire  position  in  one  stroke 
without  the  necessity  for  an  intermediate  stop  and  a 
jogging  movement  when  the  fuel  and  oxidizer  are  in- 
jectcd.  This  is  accomplished  by  having  a  valve  which  is 
carried  internally  of  an  injector  piston.  The  injector 
piston  is  moveable  axially  under  the  influence  of  a 
shoulder  on  the  bolt  which  picks  up  the  rear  portion  of 
the  injector  piston  upon  forward  movement  of  the  bolt.  w 
As  the  bolt  is  forced  forward  it  moves  the  injector 
piston  forward  which  causes  propellant  pressure  to 
increase  to  "pop"  the  valve  open.  The  valve  opens  by 
being  moved  rcarwardly  against  a  holding  force.  Pro¬ 
pellant  is  then  pumped  through  the  valve,  into  the  gun’s  65 
chamber.  The  valve  is  then  sealed  before  firing  by  hav¬ 
ing  the  bolt,  on  completion  of  its  forward  movement, 
act  on  a  lip  on  the  valve  to  force  it  into  a  closed  position. 
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BRIEF  DESCRIPTION  OF  THE  DRAWING 

FIG.  1  is  an  isometric  view  showing  the  valve,  injec¬ 
tor  piston  and  projectile; 

FIG.  2  is  a  cross-sectional  view  along  the  center  axis 
of  the  rear  portion  of  the  liquid  propellant  gun  in  a 
projectile  load  position; 

FIG.  3  is  a  cross-sectional  view  along  the  center  axis 
of  the  liquid  propellant  gun  in  the  inject  position;  and 

FIG.  4  is  a  cross-sectional  view  along  the  center  axis 
of  the  liquid  propellant  gun  showing  the  mechanism  in 
fire  position. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

FIG.  1  is  an  isometric  view  of  valve  10,  injector  pis¬ 
ton  11,  and  projectile  12.  As  shown  in  FIG.  1,  the  injec¬ 
tor  piston  is  configured  to  contain  the  valve  10  inter¬ 
nally  thereof.  The  valve  10  and  injector  piston  are  cut 
away  as  at  13  to  allow  the  projectile  12  to  be  chambered 
internally  thereof. 

The  injector  piston  has  a  lip  seal  14  and  an  O-ring  seal 
15  at  the  forward  portion  thereof  and  O-ring  seal  16  at 
the  rearward  portion  thereof  taken  with  respect  to  FIG. 

1. 

Small  annular  cavities  as  at  17  are  formed  at  the  for¬ 
ward  portion  of  the  injector  piston  11.  The  small  annu¬ 
lar  cavities  17  are  adapted  to  receive  fuel  during  opera¬ 
tion  of  the  system. 

Details  of  the  entire  assembly  are  more  clearly  shown 
in  FIGS.  2,  3,  and  4.  In  FIG.  2,  the  entire  mechanism  is 
in  a  projectile  load  position  and  shows  a  bolt  18  cham¬ 
bered  internally  of  the  valve  10  and  having  a  shoulder 
19  at  the  rearward  portion  thereof.  Also  shown  is  a 
toggle  mechanism  20,  the  purpose  of  which  will  become 
more  clear  as  the  explanation  of  moving  the  bolt  from 
unload  to  load  position  is  gone  into.  A  manifold  21  is 
fixed  internally  in  the  bore  of  the  liquid  propellant  gun 
and  has  a  face  22  thereon  which  cooperates  with  a  seal 
23  at  the  forward  end  of  the  valve  10.  Carried  by  the 
manifold  21  are  a  series  of  individual  injectors  34  which 
are  received  in  the  small  annular  spaces  17. 

Valve  10  is  configured  at  the  rear  portion  thereof  to 
form  a  holding  pressure  chamber  24  which  communi¬ 
cates  through  opening  25  with  a  holding  fluid  under 
pressure. 

Fuel  and  oxidizer  are  introduced  to  the  manifold  21 
via  ports  26  and  27  respectively.  Oxidizer  fills  a  large 
annular  cavity  28  internally  of  the  gun  and  externally  of 
the  valve  10  whi.e  fuel  occupies  the  volume  formed  by 
the  small  annular  cavities  17. 

The  mechanism  is  shown  in  the  projectile  load  posi¬ 
tion  i"  FIG.  2  with  again,  oxidizer  filling  the  large  annu¬ 
lar  cavity  28  and  fuel  occupying  the  series  of  small  axial 
cavities  17  within  the  injector  piston  11.  The  holding 
pressure  applied  through  port  25  to  the  rear  of  the  valve 
10  keeps  the  valve  closed.  Projectile  12  is  loaded 
through  the  area  13  in  the  valve  and  injector  piston  and 
stops  in  the  valve  just  forward  of  the  bolt  18. 

In  FIG.  3,  bolt  18  and  projectile  12  have  been  pushed 
forward  until  shoulder  19  on  the  bolt  contacts  the  rear 
of  the  injector  piston  11.  This  forward  movement  is 
accomplished  by  hydraulic  pressure  in  chamber  40 
which  is  pumped  n  Srough  access  42  and  pushes 
against  seal  44.  The  uble  toggle  bolt  lock  20  has  en¬ 
gaged  the  bolt  18  at  the  rear  of  shoulder  19.  A  liquid  seal 
30  on  the  projectile  12  is  seated  within  the  bore  of  the 
manifold  21. 
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At  this  point,  propellant  injection  begins.  Bolt  18 
continues  traveling  forward  thereby  exerting  a  force  on 
the  rear  of  the  injector  piston  11.  This  raises  the  propel¬ 
lant  pressures  in  cavities  28  and  17.  The  increased  pres¬ 
sure  exerts  a  force  on  the  forward  end  of  the  valve  5 
which  overcomes  the  valve  holding  force  in  chamber 
24  and  “pops”  valve  10  open  by  moving  it  rearwardly 
with  respect  to  the  injector  piston  11.  Thus  it  can  be 
seen  that  valve  10  is  a  tension  closed  fitting  that  only 
opens  when  the  internal  pressure  exceeds  a  predeter-  10 
mined  amount. 

As  the  bolt  18  and  injector  piston  11  travel  forward  as 
a  unit,  propellant  is  pumped  into  the  sealed  cavity  be¬ 
hind  the  projectile  12  thereby  pumping  the  projectile 
forward  with  respect  to  the  bolt  18.  Near  the  end  of  the  15 
injection,  a  step  31  on  the  inside  diameter  of  the  injector 
piston  contacts  the  valve  10  and  forces  it  closed  thereby 
ending  injection. 

In  FIG.  4,  the  gun  is  in  fire  position.  The  double 
toggle  20  holds  all  of  the  moving  parts  of  the  mecha-  20 
nism  in  a  tightly  locked  position.  A  lip  seal  at  32  uses 
breech  pressure  to  form  a  tight  seal  around  the  bolt  18 
and  a  second  lip  seal  at  22  seals  the  injection  port  in  a 
like  manner.  With  the  bolt  slightly  larger  in  diameter  2J 
than  the  chamber,  breech  pressure  exerts  a  forward 
closing  force  on  the  valve.  This  sealing  means  prevents 
back  pressure  damage  to  the  valve,  fluid  injection 
means  or  the  chamber  behind  the  bolt.  A  spark  pro¬ 
vided  at  33  ignites  the  propellant,  causing  the  projectile  ^ 
12  to  be  forcibly  ejected  from  the  gun. 

The  prime  advantage  of  the  present  system  over  pre¬ 
vious  designs  is  the  integration  of  injection,  bolt,  and 
bolt  lock  functions  into  simultaneous  or  smooth  rather 
than  sequential  operations.  In  an  automatic  gun,  this  jj 
will  mean  shorter  cycle  time  with  lower  power  require¬ 
ments.  By  intermittently  coupling  the  bolt  and  injector 
piston,  the  number  of  actuators  is  dropped  from  3  to  2, 
bolt  and  bolt  lock. 

The  major  new  feature  making  this  possible  is  the  40 
breech  pressure  valve.  With  this  valve  able  to  hold 
high-pressure,  the  need  for  bolt  jog  is  eliminated.  The 
bolt  travel  and  injection  operations  can  then  be  coupled 
together  and  terminated  at  the  same  time.  Another  new 
feature  of  the  present  invention,  is  the  porting  of  the  4) 
valve  holding  pressure  through  the  injector  piston  in  a 
manner  that  exerts  no  net  force  on  the  piston. 

The  breech  pressure  valve  might  be  configured  alter¬ 
natively  such  as  the  bolt  in  its  locked  position  ({earing 
on  the  valve  directly  but  behind  the  injection  port.  50 
Breech  pressure  is  allowed  to  enter  the  area  but  its  held 
by  a  lip  seal  surrounding  the  bolt.  Since  the  bolt  is  con¬ 
figured  slightly  larger  in  diameter  than  the  chamber,  the 
high  pressure  exerts  a  strong  closing  force  on  the  valve. 
Fuel  and  oxidizer  might  then  be  delivered  to  the  valve  33 
from  a  pump  located  elsewhere  in  the  gun. 

What  is  claimed  is: 

1.  In  a  liquid  propellant  gun  having  a  chamber 
adapted  to  receive  a  projectile  and  liquid  propellant  the 
combination  comprising:  60 

a  gun  having  a  rear  portion  with  a  substantially  cylin¬ 
drical  hollow  breech  area  having  a  central  axis; 

fluid  injector  means  contained  within  the  breech  area 
and  having  a  central  axis  co-extensive  with  the  axis 
of  the  breech  area  for  insecting  liquid  propellant  6S 
into  said  chamber; 

valve  means  contained  within  the  breech  area  and 
also  having  a  central  axis  co-extensive  with  the  axis 
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of  the  breech  area  for  regulating  the  injection  of 
said  liquid  propellant  in  a  predetermined  manner; 

a  bolt  contained  within  said  breech  area  and  having  a 
central  axis  co-extensive  with  the  axis  of  the  breech 
area  and  having  unloaded  and  loaded  positions; 

means  for  moving  said  bolt  forward  from  an  un¬ 
loaded  to  a  loaded  position;  said  bolt  and  fluid 
injector  means  cooperating  such  that  when  said 
bolt  is  moved  from  the  unloaded  to  the  loaded 
position  the  fluid  injector  means  is  carried  along 
therewith  and  said  valve  means  is  caused  to  open 
thereby  forcibly  injecting  liquid  propellant  into  the 
chamber  of  said  liquid  propellant  gun  duing  the 
initial  movement  of  said  bolt  forward  and  where 
said  valve  means  is  closed  and  sealed  upon  said  bolt 
reaching  its  farthest  advance  such  that  slid  gun 
may  be  fired  without  forward  jogging  of  said  bolt. 

2.  In  a  liquid  propellant  gun  as  set  forth  in  claim  1 
wherein; 

said  fluid  injector  means  and  said  valve  means  have 
an  opening  therein  adapted  to  receive  a  projectile 
for  loading  into  the  chamber  of  said  propellant  gun. 

3.  In  a  liquid  propellant  gun  as  set  forth  in  claim  2 
wherein; 

said  fluid  injector  means  lies  outside  and  around  said 
valve  means. 

4.  A  liquid  propellant  gun  as  set  forth  in  claim  1 
wherein  said  fluid  injector  means  comprises: 

a  hollow  piston  slideably  mounted  in  a  cylinder  sur¬ 
rounding  said  valve  means  so  as  to  be  carried  in  a 
compression  stroke  when  said  bolt  advances  a  pro¬ 
jectile  in  said  chamber,  where  the  chamber  of  said 
liquid  propellant  gun  has  a  tension  closed  fitting 
with  said  piston  which  is  opened  to  permit  liquid 
propellant  into  said  chamber  when  said  piston  com¬ 
presses  fluid  within  said  hollow  piston  beyond  a 
predetermined  pressure;  and 

a  step  on  the  inside  diameter  of  said  piston  for  closing 
said  valve  means  when  said  piston  is  at  the  end  of 
its  compression  stroke. 

5.  A  liquid  propellant  gun  as  set  forth  in  claim  4  fur¬ 
ther  comprising  a  manifold  for  injecting  either  fuel  or 
oxidizer  to  said  chamber  through  an  opening  on  a  face 
of  said  manifold  where  said  face  forms  one  surface  for 
the  tension  closed  fitting  between  said  chamber  and  said 
piston. 

6.  A  liquid  propellant  gun  as  set  forth  in  claim  5  fur¬ 
ther  comprising: 

a  lip  seal  on  said  manifold  face  within  said  chamber 
for  supporting  high  pressure  in  said  chamber  that 
does  not  backup  into  said  fluid  injector  means  such 
that  further  advancement  of  said  bolt  in  said  cham¬ 
ber  to  prevent  such  back  pressure  is  not  required; 
and 

a  seal  on  said  bolt  for  preventing  high  pressure  in  said 
chamber  during  firing  from  backing  around  said 
bolt. 

7.  A  liquid  propellant  gun  having  a  chamber  adapted 
to  receive  a  projectile  and  liquid  propellant  in  the  form 
of  fuel  and  oxidizer  comprising: 

a  substantially  cylindrical  hollow  breech  area  having 
a  central  axis  for  leading  a  projectile  into  said 
chamber; 

fluid  injector  means  contained  within  said  breech 
area  and  having  a  central  axis  co-extensive  with  the 
axis  of  said  breech  area  for  injecting  liquid  propel¬ 
lant  into  said  chamber; 
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a  bolt  contained  within  said  chamber  for  advancing  a 
projectile  forward  from  its  initial  placement  in  said 
chamber  through  said  breech  area; 
means  for  moving  said  bolt  forward  in  said  chamber 
located  in  the  rear  portion  of  said  chamber;  S 

valve  means  contained  within  said  breech  area  and 
also  having  a  central  axis  co-extensive  with  the  axis 
of  said  breech  area  for  regulating  the  flow  of  fuel 
and  oxidizer  into  said  chamber  in  a  predetermined 

10 


6 

manner,  said  valve  means,  fluid  injector  means  and 
bolt  cooperating  such  that  when  said  bolt  advances 
a  projectile  forward  said  fluid  injector  means 
pumps  liquid  propellant  between  said  projectile 
and  said  bolt  through  said  valve  means;  and 
sealing  means  within  said  chamber  for  preventing 
back  pressure  through  said  valve  means  or  around 
said  bolt. 
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ABSTRACT 


A  system  for  controlled  generation  of  high  energy  gas 
from  a  liquid  propellant,  based  upon  a  differential 
area  piston  injecting  liquid  propellant  into  a  com¬ 
bustion  chamber  in  a  regenerative  cyde.  One  of  its  ap¬ 
plications  is  for  cartridge  bomb  ejection.  Pressure  of 
burning  fuel  fired  by  a  primer  ruptures  seals  in  a 
piston  wall  and  causes  extrusion  of  liq  aid  fuel  from  a 
reservoir  area  into  the  piston  cavity  which  lies  in  the 
combustion  area.  Combustion  of  the  extruded  liquid 
carries  on  a  regenerative  process  until  all  fuel  in  the 
reservoir  has  been  consumed. 


1  Claim,  5  Drawing  Figures 
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1  2 

LIQUID  PROPELLANT  CARTRIDGE  DESCRIPTION  OF  THE  DRAWINGS 


BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  system  for  controlled 
generation  of  high  energy  gas  from  a  liquid  propellant, 
and  mere  particularly  to  a  device  which  includes  a  dif¬ 
ferential  area  piston  for  a  liquid  propellant  cartridge  in 
a  bomb  ejection  system. 

Difficulty  has  been  experienced  in  controlling  com¬ 
bustion  rates.  Systems  were  proposed  based  on  a  regu¬ 
lated  flow  of  liquid  propellant  from  a  two  chamber  car¬ 
tridge.  This  was  expected  to  extend  the  bum  time  of  the 
liquid  propellant  to  achieve  relatively  long,  low-pres¬ 
sure  time  curves.  The  liquid  propellant  was  ignited  with 
a  primer  in  the  first  of  the  two  chambers.  The  com¬ 
bustion  in  the  first  chamber  located  next  to  the  primer 
was  expected  to  exert  a  pressure  on  a  movable  piston 
which,  in  tum,  pressurized  the  liquid  propellant  in  a 
second  chamber  and  ejected  it  into  a  combustion  area. 
The  rate  at  which  the  liquid  burned  in  the  combustion 
chamber  regulated  the  flow  rate  of  the  ii  ;uid  through 
the  orifice  connecting  the  two  chambers.  The  time  of 
orifice  opening  was  expected  to  be  controlled  by  a  dif¬ 
ferential  piston  connected  directly  to  the  material  to  be 
ejected.  Ignition  of  the  liquid  from  the  second  chamber 
was  expected  to  be  accomplished  by  flame  bleedoff 
into  a  pass  channel  from  the  first  chamber. 

The  problem  with  this  approach  is  typical  of  any  con¬ 
cept  dependent  on  the  confined  burning  of  bulk  liquid 
propellant.  The  burning  rate  cannot  be  controlled  as  it 
is  a  function  of  the  liquid's  surface  area.  As  ignition  and 
burning  of  the  liquid  take  place,  the  surface  area  of  the 
liquid  increases  rapidly  in  a  random  manner  to  the  ex¬ 
tent  that  the  burning  process  can  occur  at  the  detona¬ 
tion  rate  of  the  liquid. 

Other  difficulties  arose.  Erosion  became  a  problem. 
Contamination  occurred,  particularly  aluminum  parti¬ 
cles  injected  from  the  cartridge  case  into  the  bomb 
rack  system. 

Furthermore,  normal  propyl  nitrate  (NPN),  a  liquid 
propellant  in  general  use,  is  incompatible  with  many 
plastics  and  metals.  Good  sealing  methods  were  dif¬ 
ficult  to  accomplish. 

SUMMARY  OF  THE  INVENTION 

9 

The  objects  of  the  invention  are  therefore,  to  provide 
a  regenerative  system  and  a  device  which  will: 

a.  (educe  reactive  forces  by  controlling  the  com¬ 
bustion  rate  of  the  liquid  propellant; 

b.  increase  the  mean  time  between  ejection-system 
failures  by  using  a  liquid  propellant  having  a  low-ccm- 
bustion  temperature,  thus  decreasing  erosion; 

c.  reduce  system  contamination  by  decreasing 
residue  through  using  liquid  propellants  and  by 
minimizing  the  quantity  of  aluminum  particles  injected 
from  the  cartridge  case  into  the  system;  and 

a.  enable  the  system  to  withstand  high  temperatures. 
Epoxy  adhesive  and  polythelane  plugs  are  to  be  used  in 
the  p  rton  orifices  Ethylene  propylene  and  Teflon  are 
used  for  0-rings  and  piston  seals.  The  piston  casing  is  a 
one-piece  steel  case. 

These  and  other  advantages,  features  and  objects  of 
the  invention  will  become  more  apparent  from  the  fol¬ 
lowing  description  taken  in  connection  with  the  illus¬ 
trative  embodiments  in  the  accompanying  drawings. 


FIG.  1  is  a  longitudinal  sectional  view  of  the  car¬ 
tridge  assembly; 

FIG.  2  is  a  diagrammatic  view  of  the  piston  face 
showing  the  location  of  the  fill  hole  and  extrusion  ori¬ 
fices; 

FIG.  3  is  a  longitudinal  sectional  view  of  the  piston 
removed  from  the  casing  and  taken  on  the  line  3—3  of 
FIG.  2; 

FIG.  4  is  a  longitudinal  sectional  view  of  a  modifies-  - 
tion  of  the  device.  It  is  the  original  concept  from  which 
the  preferred  embodiment  of  FIGS.  1,  2  and  3  was 
developed;  and 

FIG.  5  is  a  breech  assembly  incorporating  a  modified 
cartridge. 

DESCRIPTION  OFTHE  PREFERRED 
EMBODIMENT 

The  cartridge  assembly  is  indicated  generally  by  the 
numeral  10.  A  differential  area  piston  12  is  assembled 
into  a  casing  14  and  sealed  into  place  by  a  closure  16.  A 
primer  assembly  18  is  located  in  a  bore  in  the  closure 
16.  The  bore  extends  completely  through  the  closure 
16,  accommodating  also  the  ignition  mix  19,  when 
function  is  to  ignite  the  liquid  propellant  within  a  first 
chamber  20.  The  piston  12,  the  casing  14,  and  the  clo¬ 
sure  element  16  are  fabricated  of  heat-treated  steel  for 
strength  and  resistance  to  erosion.  The  piston  12  has  a 
free-volumc  internal  cavity  21  to  reduce  the  initial 
combustion  pressure.  A  pair  of  orifices,  22  and  24,  pro¬ 
vide  a  metering  entrance  of  the  liquid  burning  material 
from  the  second  chamber  26  to  the  first  chamber  20. 
The  opening  28  functions  as  a  fill  hole.  The  piston  1 2  is 
provided  with  grooves  or  recesses  30  and  32  to  accom¬ 
modate  the  0-rings  34  and  36.  The  recesses,  30  and  32, 
also  accommodate  the  retaining  rings  37.  The  casing  14 
has  two  areas  A  and  B  with  a  differential  internal 
diameter.  The  piston  12  has  a  corresponding  dif¬ 
ferential  in  external  diameters  to  fit  within  areas  A  and 
B  of  the  casing  14,  thus  forming  the  chambers  20  and 
26. 

The  first  or  combustion  chamber  20  is  provided  with 
an  exhaust  port  orifice  33.  The  closure  16  has  an  annu¬ 
lar  shoulder  which  aligns  the  assembly  10  when  in¬ 
serted  into  a  cartridge  holder  (not  shown). 

Since  the  liquid  propellant  normal  propyl  nitrate  or 
NPN  which  is  used  is  incompatible  with  many  plastics 
and  metals,  the  orifices  22  and  24  in  the  piston  12  are 
sealed  with  epoxy  adhesive  and  polyethylene  plugs  or 
aluminum  tape. 

The  0-rings  34  and  36  arc  of  ethylene  propylene,  or 
comparable  material  and  the  retaining  rings  37  are 
Teflon. 

After  the  piston  12  has  been  inserted  into  the  steel 
casing  14  the  liquid  propcNant  is  inserted  through  the 
hole  23.  The  method  used  is  to  inject  the  liquid  through 
the  hoie  28  by  means  of  a  hypodermic  needle  end  syr¬ 
inge  so  that  any  entrapped  air  will  bleed  back  through 
the  hole.  The  quantity  of  fuel  injected  is  measured  and 
the  hole  sealed  when  the  operation  iscomoleted. 

The  closure  plug  16  containing  the  primer  assembly 
18  is  sealed  onto  the  casing  14  with  an  epoxy  seal. 

The  polyethylene  plugs  or  aluminum  upe  used  to 
cover  the  boles  22  and  24  rupture  when  the  movement 
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of  the  piston  applies  sufficient  pressure  against  the 
NPN  in  the  reservoir  cavity  26.  Until  the  proper  pres¬ 
sure  is  applied,  all  of  the  NPN  is  contained  in  the  car¬ 
tridge  case  14  ar.d  held  within  the  reservoir  27,  since 
the  cavity  26  is  sealed  by  the  piston  0-ring  36.  The  cavi¬ 
ty  20  which  is  the  combustion  chamber  is  sealed  by  the 
piston  0-ring  34,  by  the  taped  orifice  38  and  the  screw 
46  closing  the  orifice  28. 

When  the  pressure  caused  by  the  initial  firing 


liquid  bums  in  the  combustion  chamber  56  regulates 
the  flow  rate  of  tne  liquid  through  the  passage  chamber 
54.  The  time  of  passage  54  opening  is  controlled  by  a 
differential  piston  64  connected  directly  to  the  stores 
(not  shown)  to  be  ejected. 

Ignition  of  the  liquid  from  the  second  chamber  56  is 
accomplished  by  a  fame  bleed  off  66  into  a  by-pass 
channel  68. 

Rcfetring  now  to  FIG.  5,  a  breech  assembly  70  has  a 


reaches  a  predetermined  level  the  sealing  material  of  10  primer  recess  72,  a  transducer  port  74  and  an  exhaust 
the  orifices  22  and  24  rupture.  The  pressure  of  the  P°«  76-  A  Fis,on  78  provides  a  cavity  84  and  separates 

piston  12  against  the  NPN  causes  extrusion  of  NPN  a  f,rst  chamber  82  from  a  combustion  chamber  86. 

into  the  chamber  20.  The  bores  22  and  24  are  provided  Recesses  88  and  90  house  0-nngs  92  and  94  and  a 

with  counterbores  23  and  25  at  the  NPN  piston  surface  back-up  ring  96. 

into  which  the  sealing  material  can  lodge  without  15  Openings  98  provide  a  regulating  flow  from  piston 
clogging  the  orifice.  cavity  area  84  to  the  combustion  chamber  86. 


MODE  OF  OPERATION 


The  liquid  propellant  cartridge  functions  in  the  fol¬ 
lowing  sequence:  20 

Upon  application  of  a  firing  pulse  from  a  power 
supply  (not  shown)  the  pyrotechnic  mixture  19  within  ' 
the  primer  18  ignites,  oas  pressure  and  burning  parti- 
cles  accumulate  in  the  cavity  20  at  the  large  end  of  the 
piston,  and  adjacent  the  primer  18.  The  cavity  is  23 
designed  to  provide  free  volume  for  gas  expansion  to 
reduce  the  peak  pressure.  Some  of  the  gas  escapes 
through  the  exhaust  port  orifice  38.  Simultaneous  with 
this  application  of  pressure,  a  reactive  pressure  greater 
than  that  existing  in  the  first  chamber  20  is  created  at  30 
the  small  er.d  of  the  piston  12  in  the  reservoir  chamber 
26.  This  pressure  differential  is  sufficient  to  cause  the 
seals  of  the  orifices  22,  24  and  28  to  rupture,  freeing 
the  liquid  fuel  in  the  reservoir  chamber  and  allowing  it 
to  flow  through  these  orifices.  The  flow  rate  is  regu-  35 
lated  by  the  orifice  size,  the  exhaust  port  size,  and  the 
differential  pressure.  As  the  liquid  enters  the  cavity  20, 
it  is  initiated  and  combusts. 

The  piston  12  is  moved  against  die  NPN  by  the  initial 
pressure  of  the  primer  and  is  sustained  by  the  com-  40 
bustion  of  the  liquid  in  the  cavity  20.  This  causes  the 
liquid  to  again  be  extruded  through  orifices  22,  24, 
passing  from  the  reservoir  chamber  26,  through  .he 
piston  orifices  and  into  the  combustion  chambei  20. 

The  residual  combustion  produced  from  the  primer  18  4  3 
again  initiates  the  extruded  liquid  and  it  combusts  at 
the  laige  end  of  the  piston  in  the  cavity,20.  This  creates 
pressure  in  addition  to  that  provided  by  the  primer, 
regenerating  the  process  until  all  the  liquid  in  the  reser¬ 
voir  26  is  extruded  and  consumed.  30 

Referring  now  to  FIG.  4,  this  Figure  is  a  representa¬ 
tion  of  the  original  form  of  the  device  from  which  l..e 
preferred  embodiment  was  developed. 

In  this  embodiment,  there  is  achieved  a  regulated 
flow  of  liquid  propellant  from  a  cartridge  50  provided  33 
with  a  pair  of  chambers  52  and  54  and  a  combustion 
chamber  56.  fn  this  device  the  burn  time  of  the  oropel- 
lant  was  extended  and  relatively  long,  low  pressure 
time  curves  were  achieved.  The  liquid  propellant  is  ig¬ 
nited  with  a  primer  58  m  the  first  chamber  52.  The  60 
combustion  in  this  chamber  exerted  pressure  on  the 
movable  piston  60.  With  the  movement  of  the  piston  60 
the  liquid  propellant  in  the  second  chamber  54  ejects  it 
into  the  combustion  area  56.  The  rate  at  which  the 


port  76.  A  piston  78  provides  a  cavity  84  and  separates 
a  first  chamber  82  from  a  combustion  chamber  86. 
Recesses  88  and  90  house  0-rings  92  and  94  and  a 
back-up  ring  96. 

Openings  98  provide  a  regulating  flow  from  piston 
cavity  area  84  to  the  combustion  chamber  86. 

In  the  operation  of  this  device  a  regenerative  process 
takes  place  as  described  above  in  the  operation  of  the 
device  of  the  preferred  embodiment 
Although  the  invention  has  been  described  with 
reference  to  particular  embodiments,  it  will  be  un¬ 
derstood  to  those  skilled  in  the  art  that  the  invention  is 
capable  of  a  "ariety  of  alternative  embodiments  within 
the  spirit  and  scope  of  the  appended  claims. 

We  claim: 

1 .  A  system  for  controlled  generation  of  high  energy 
gas  from  a  liquid  propellant  comprising: 
a  cylindrical  casing  having  differential  areas  along  its 
length, 

a  close-fitting  differential  piston  slidably  disposed  in 
said  cylindrical  casing, 

a  reservoir  chamber  in  laid  casing  forward  of  said 
differential  piston, 

a  combustion  chamber  in  the  central  area  of  said  dif¬ 
ferential  piston, 

a  closure  element  fixedly  attached  to  the  rearward 
end  of  said  casing  for  eiTectiveiy  sealing  said  com¬ 
bustion  chamber, 

a  primer  housed  in  a  recess  in  said  closure  element, 
said  primer  being  in  operative  communication 
with  said  combustion  chamber, 
a  plurality  of  orifices  in  the  closed  forward  end  of 
said  differentia!  piston  in  communication  with  said 
reservoir  chamber,  said  orifices  being  dimensioned 
to  control  the  rate  of  flow  of  propellant  into  said 
combustion  chamber, 

rupturable  seals  covering  each  cf  said  orifices,  and 
a  vent  opening  in  said  casing  between  said  piston  and 
said  closure  element,  S2id  ven:  onenir.g  having  a 
rupturable  seal  thereover  for  regulating  the  pres¬ 
sure  in  said  combustion  chamber, 
whereby  the  firing  of  said  primer  causes  pressure  to 
build  up  in  said  combustion  chamber  and  rupture 
the  vent  opening  seal  while  urging  the  piston  for¬ 
ward  until  the  seals  covering  the  orifices  in  said 
differential  piston  are  ruptured  allowing  liquid 
propellant  in  the  reservoir  chamber  to  pass  into 
the  combustion  chamber  at  a  controllable  rate  and 
be  ignit  ?d  by  the  residual  combustion  of  the  initial 
i  firing  o'  said  primer,  thertby  creating  additional 
pressure  and  regenerating  the  process  until  all  of 
the  propellant  in  the  reservoir  chamber  has  flowed 
into  the  combustion  chamber  and  been  consumed. 
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PROJECT  m.E  PROPELLING  SYSTEM 

Jobe  W.  Trot,  Jr.  East  Hampton,  Cons,  assignat  in 

Olio  Malbirsou  Chemical  Corporation,  New  Haven, 

Conn. 

Apjilication  November  7,  »r  a,  Serial  No.  54539# 

3  Claims.  (CL  #9—7) 

This  invention  relates  to  an  Improved  method  and 
means  for  propelling  a  projectile  with  a  liquid  propellant 
and  more  particularly  to  a  gun  systtrn  capable  of  using 
liquid  mono-prop^llant  regenerative!)-  injected  into  an 
initially  dry  dumber  by  pncemauc  means  initialed  by 
a  primer. 

H  treiofore.  firearms  employing  liquid  propellants  gen¬ 
eral!)'  were  open-ended  chambers,  the  open  end  being 
sealed  by  a  cs«!ea  r-ojcctile.  A  liquid  propellant  hav¬ 
ing  a  high  vapor  pressure  would  be  pumped  into  the 
chamber  and  then  the  mixture  was  ignited,  generally 
with  a  spark  plug  to  drive  the  projecule  down  the  bore 
and  out  the  muzzie  of  the  gun.  (See  l.'-S.  1,343,456  and 
U.S.  1,359,295.)  Due  to  difficult'-*).  in  sealing  the  liquid 
propc'alnt  within  the  chamber  and  in  ignition,  these  guns 
have  never  become  popular.  Solid  propellant  type  guns 
employing  eased  ammunition,  the  case  containing  a  per¬ 
cussion  type  primer  were  more  popular  because  they 
were  simpicr  and  more  convenient  to  ac  and  required 
less  complicated  cun  actions. 

Several  features  possible  with  liquid  propellants  have, 
nevertheless,  obviated  complete  abandonment  of  the  pro¬ 
duction  of  liquid  propellant  type  guns.  The  ease  in 
storing  end  load-ng.  the  lack  of  a  reed  for  grain  forma¬ 
tion,  the  possibility  of  an  easier  means  for  effecting 
progressive  burring  or  regenerative  inie-etien  similar  to 
that  disclosed  in  U.S.  1,297,798  or  U.S.  2,360,217  for 
solid  propellants  and  other  attractive  features  of  a  liquid 
propciiaat  gun  have  always  been  the  deterrent  against 
its  complete  abandonment.  But  heretofore  a  successful 
gun  system  never  proved  feasible. 

An  i-bject  of  this  invention  is  to  provide  a  novel  method 
and  means  for  propelling  a  projecrii;  with  a  liquid  pro¬ 
pellant.  Another  object  of  this  invention  is  to  provide 
a  propellant  system  for  a  litcarm  capable  of  using  a 
mono-propellant  as  its  main  charge.  Another  object  of 
this  invention  is  to  provide  a  propellar.t  system  embody¬ 
ing  regenerative  injection  of  the  propel’cm  so  as  to  ac¬ 
complish  energy  utilization  of  a  high  degree.  A  further 
object  of  this  invention  is  io  provide  a  propellant  system 
having  an  adjustable  regenerative  injection  rate.  A  fur¬ 
ther  object  of  this  invention  is  lo  provide  a  firearm  using 
a  liquid  propellart  with  pyrotechi-:c  ign-tion.  Another 
object  of  this  invention  is  lo  p'ovidc  a  firearm  which 
commences  operation  from  a  dry  chamber.  Another 
object  of  Ibis  invention  is  to  nro-.-idr  a  firearm  wh-ch. 
through  in  use  of  a  dry  cha'naor  ena.-le,  seals  simpler 
than  heretofore  em,. loved  in  liquid  prore  lant  ty  pe  pur.v 
Another  object  of  this  invention  is  Its  provide  a  I  quid 
propeilanr  system  capable  of  adaptation  upon  a'l  fire¬ 
arms  regardless  of  type  or  size.  A  further  object  of  this 
invention  is  to  provide  a  gun  embody'.’!:  all  the  lec¬ 
ture-.  in  combination  discussed  above.  Ar.d  another  ob¬ 
ject  of  this  invention  is  to  provide  a  l.quid  propellant 
type  gun  capable  of  being  maintained  .n  tcady-f.re  con¬ 
dition  for  indcfini'.s  periods.  Other  objects  will  hcccme 
apparent  fo  those  skilled  in  'die  art  cron  reading  the 
following  detailed  disclosure  ar.d  drawings  <n  which: 
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Figure  1  discloses  a  schematic  drawing  of  the  system 
of  this  invention  showing  a  cat  t ridge  in  position  to  be 
fired,  with  the  regenerative  injection  means  ready  to  be 
activated. 

3  Figure  2  is  a  schematic  drawing  showing  the  aystem 
just  after  the  printer  of  the  projectile  has  been  ignited  and 
the  regenerative  injection  means  oe tinning  to  operate. 

Figure  3  is  a  schematic  drawing  showing  the  system  as 
it  appears  at  substantially  the  end  of  the  metering  stroke 
1#  of  the  regenerative  injection  means. 

Figure  4  is  a  broken  perspective  view  of  an  embodi¬ 
ment  of  a  projectile  for  use  in  the  system  dkclosed  Is 
Figures  I  to  3. 

Figure  5  is  a  partial  side  view  of  on  embodiment  of  a 
15  gun  utilizing  the  system  disclosed  in  Figures  !  to  3  and 
the  projectile  disclosed  in  Figure  4. 

Figure  6  is  a  cross  sectional  view  of  the  gun  shown  in 
Figure  5  taken  on  line  BB. 

Figure  7  is  a  cross  sectional  view  of  the  gun  is  Figure 
2#  5  taken  on  the  line  CC. 

Figure  8  is  a  cross  secticnal  view  o'  the  gun  in  Figure 
5  taken  on  line  AA. 

Figure  9  is  a  right  perspective  view  showing  mostly  the 
receiver  and  butt-stock  structure  of  the  gun  of  Figure  5. 
25  Figure  10  is  a  !:ft  perspective  view  of  the  receiver  and 
adjacent  parts  of  the  gun  of  Figure  5. 

Figure  II  is  a  broken  perspective  view  of  the  pans 
shown  in  Figure  9. 

The  objects  of  this  invention  are  accomplished,  uroadly 
30  speaking,  by  a  gun  system  using  an  initialing  chrrge 
which  upon  being  ignited,  preliminarily  act;  upon  a  totter¬ 
ing  piston  through  the  force  of  its  gases  to  cause  an  in¬ 
jection  of  liquid  propellent  into  the  chamber  of  the  gin. 
Tnis  liquid  propellant  then  is  ignited  and  the  force  of  its 
gases  drives  a  projectile  out  the  bore  of  the  pun.  More 
panicui.rly  sneaking,  the  objects  of  this  in-ertion  are 
accomplished  with  the  use  of  a  gun  which  at  the  outset 
ignites  an  initiating  charge  to  generate  gas,  the  pressure 
of  which  is  used  to  start  the  action  of  the  gun.  The  force 
c-f  the  gases  preliminarily  drives  a  metering  differential 
area  pis.on  which  forces  liquij  pro|iel!aiti  by  an  adjust¬ 
able  pi-lot:  stroke  into  the  dry  chamber  of  th:  gun  Tbe 
liquid  propellant  ir,  ignited  from  the  Ha  tie  of  the  burning 
initialing  charge  and,  therefore,  generates  additional  gas 
45  pressure.  This  gas  pressure  not  only  drives  a  nroiectile 
out  the  bore  of  the  gun  but  also  drives  the  metering  piston 
to  tbe  end  of  its  stroke.  Hence  ns  the  projectile  travels 
down  the  bore  of  the  pun,  regenerative  inj.ction  of  the 
propellant  occurs  thereby  enabling  a  desirable  pressure¬ 
's)  time  relationship  of  the  projectile  travel  in  tbe  gun. 
'file  employment  of  a  dry  chamber  enables  not  only  sim¬ 
pler  seals  but  also  the  possibility  of  maintainng  tbe  cun  in 
ready-fire  pos:iion  without  fear  of  leakage  or  corrosion  of 
the  chamber  by  the  liquid  propellant.  Tbe  desirable  ad- 
35  vantages  0/  pyrotechnic  ignition  as  well  as  the  esc  of  a 
monopropellant  are  other  features  of  this  •  ivention. 

Referring  to  Figures  I.  2  ani  3  which  disclose  broadly 
the  gun  system  of  this  invention,  there  is  shown  a  bore 
1  of  a  gun.  Within  the  rear  section  of  tbe  bore  is  a 
gq  chamber  in  which  is  shown  a  projectile  3  about  to  be 
fired.  Tilt  proj-ctilc  has  a  band  4  around  its  base  which 
covers  a  printer  shown  in  more  detail  in  Figure  4.  The 
projectile  she  n  is  tired  by  a  firing  pin  5,  which  ham¬ 
mers  against  band  4  of  projectile.  3  to  cause  ignition 
S5  of  a  pcrcii'sion  sensi.'ve  primer,  the  flash  of  which  ig¬ 
nites  an  initiating  ch.v-ge  witNn  the  projectile,  it  should 
he  noted  that  o’hcr  ignition  means  such  as  etec'rical 
means,  separate  initiating  means  within  the  git?  itself 
and  the  like  may  be  employed  and  obviously  under  fuch 
;,j  conditions  there  will  be  modifications  required  in  the 
manner  of  igniting  the  initiating  charge.  Leading  from 
Ihr  chamber  is  a  gas  port  6  which  communicates  with 
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one  end  of  a  metering  chamber  7.  Wiiin  the  metering  adapted  to  hold  an  initialing  charge  for  initially  activat- 
chamber  is  contained  a  differential  area  piston  8,  the  fog  the  metering  piston  of  this  system.  If  desired,  one 
larger  area  9  of  the  piston  facing  the  inlet  of  the  gas  could  use  cased  ammunition  in  which  the  case  contains 
port  6.  The  smaller  area  10  of  the  piston  0  is  on  the  the  primer  and  the  initiating  charge  and  the  projectile  is 
opposite  side  and  contacts  liquid  yropellant  II  con-  0  a  standard  solid  slug  of  metal.  Obviously,  there  are 
tained  within  the  metering  chamber  7.  The  smaller  area  other  useful  projectiles  that  would  be  operative, 
is  effected  by  integrally  attaching  a  piiie  rod  12  to  the  Figures  S  through  11  illustrate  a  particular  embodiment 

liquid  propellant  face  10  oi  the  pistcc.  This  guide  tod  of  a  rifle  employing  the  projectile  propelling  system  of 
acts  to  guide  the  proper  movemec.'  of  the  piston.  The  this  invention.  Obviously,  other  rifles  emplovjng  the 
liquid  prepeu aut  it  passed  into  toe  r-.etering  chamber  10  system  could  he  formulated. 

through  inlet  13  containing  check  nCve  14  which  only  The  rifle  shown  in  these  figures  has  a  barrel  40  with 
permits  now  into  the  chamber.  The  liouid  propellant  an  axial  rifled  bore  therein.  The  rear  end  of  the  barrel 
containing  section  of  the  metering  cumber  communi-  is  threaded  into  a  receiver  extension  42  which  in  turn 
ertes  with  injection  port  15.  Port  15  communicates  is  threaded  into  *  receiver  43.  The  receiver  extension 
with  the  chamber  2  of  the  bore  1.  ani  contains  a  check  15  has  a  chamber  44  into  v-hich  a  projectile  45,  similar  to 
valve  10  v.bieh  again  only  permits  flow  into  the  chamber  that  shown  in  Figure  4.  may  be  inserted.  Chamber  seal 
of  tbc  bore.  47  cf  bolt  40  seals  the  rear  end  of  the  chamber.  The 

The  operation  of  the  projectile  preparing  system  shown  chamber  seal  47  has  seal  ruts  48.  Bolt  40  is  capable 
in  Figures  1,  2  and  3  begins  with  As  loading  of  pro-  of  reciprocable  movement  within  receiver  43.  Bolt  op- 
jecUle  3  into  the  chamber  2  of  the  tors  1  and  the  filling  20  crating  section  47  of  operating  rod  58  contains  an  angular 
oi  tiie  nwiciiiig  chamber  7  with  the  liquid  propellant  Cam  slot  51.  the  surfaces  of  which  act  to  operate  the 
11.  The  projectile  3  contains  a  percussion  type  primer  lorking  lug  52  of  the  bolt  40.  Rearward  movement  of 
and  an  initiating  charge.  The  firing  tin  10  is  activated  the  operating  rod  50  (see  Figures  6  and  9)  lifts  the  lock- 
to  strike  the  band  4  of  the  projectile  3  thereby  igniting  jng  lug  52  to  unlock  the  bolt.  Complete  forward  move¬ 
file  primer  and  the  initiating  charge  cf  said  projectile.  20  ment  swings  the  locking  lug  52  down  to  lock  the  bolt 
Cases  Irrm  the  burning  initiating  chart:  travel  into  the  (see  Figures  5  end  11).  The  rod  58  has  a  finger  piece 

chamber  2  and  through  gas  port  0  i~  o  cylinder  7.  In  53  and  is  spring  biased  forwardly  by  an  operating  rod 

the  cylinder  they  act  upon  the  metering  risron  8  and  force  spring  54.  The  spring  acts  to  keep  the  bolt  40  in  bat- 
the  liquid  propellant  out  through  injsouoti  port  15  into  terv  position  through  the  action  of  the  operating  rod  58. 
the  heretofore  dry  chamber  2.  As  the  propellent  enters  30  Within  a  vertically  disposed  sasuiar  cavity  57  in  the 
into  the  chamber,  it  is  ignited  by  the  fame  and  heat  of  receiver  er.tca-luu  42  is  a  firing  pin  58  spring  loaded 

the  bunting  initiating  charge  of  projectile  3.  Its  ig-  uowar.J  by  a  firing  pin  spring  59  when  the  pin  is  cocked, 

nition  causes  an  increase  in  the  gas  preaure  of  the  cham-  The  pin  is  cocked  w  hen  its  cocking  shoulder  60  is  en¬ 
ter  as  well  as  in  the  ras  port  6  and  -etering  chamber  gaged  by  the  scar  shoulder  61  of  trigger  02.  A  firing 
"•  This  increase  in  gas  pressure  c-.rrts  a  continuous  “5  pin  cocking  cam  pin  63  extends  horizontally  outward 
...creasing  force  against  the  piston  G  thereby  metering  fr0m  firing  pin  58.  It  is  engaged  by  an  oblique  cam 
the  propellant  II  into  the  chamber  2.  Also  as  the  pres-  surface  ti4  on  the  undersurface  of  the  forward  section 
sure  increases  and  simultaneously  wrh  the  propellant  or  the  operating  rod  50.  The  firing  pin  is  depressed 
injection  process,  the  projectile  3  is  forced  down  the  bore  downward  on  the  rear  or  cocking  stroke  of  the  operating 
1.  This  illustrates  the  regenerative  it  'eeting  action  of  40  rod.  Around  the  forward  surface  of  the  firing  pin  body 
the  system  from  an  initially  dry  char-cer  state.  is  an  annular  groove  66  which  a<1s  as  a  gas  seal.  The 

In  Figure  4  there  is  shown  an  emhod.- ent  of  a  typical  primer  strikirc  portion  67  of  the  pin  58  is  of  small  diara- 

projvctile  for  use  in  a  gun  such  as  se-t  in  Figures  5  to  etcr.  Resting  upon  the  shoulder  between  the  body  and 
12  which  uses  the  projectile  proc-eli::-?  system  of  this  the  primer  striking  portion  67  of  the  firing  Fin  50  is  a 
inven  ion.  The  projectile  shown  is  ci  standard  design  45  washer  68  of  resilient  material  ruch  as  rubber,  neoprene 
having  an  ogival  nose  portion  20  and  a  cvlindrical  body  and  the  like  and  a  metallic  washer  69.  (See  Figure  6.) 

portiew  21.  The  rea.r  portion  of  the  p-ojcctile  body  has  These  act  as  the  primary  seal  a  ainst  leakage  downward 

•  narrower  diameter  in  order  to  accmn-.odate  a  ring  from  the  chamber  into  the  firing  ;  in  cavity, 
or  tubular  band  4  wnich  covers  a  perr-ssion  type  primer  The  trigger  62  is  contained  within  the  receiver  extea- 

23  contained  within  a  wide  but  shallow  groove  24  en-  50  sicn  42  and  is  pivoted  about  trigger  pin  70.  The  finger 

circling  the  periphery  of  the  bedv  portim  21.  The  band  piece  71  of  the  trigger  extends  into  a  space  enclosed  by 

4  is  fastened  to  the  projectile  by  crimpicr  its  end  portions  trigger  guard  72.  A  trigger  spring  74  normally  spring 
25  and  20  inwardly  into  oblique  chance's  27  9nd  28  re-  biases  the  trigger  in  a  counter-clockwise  fashion  about 

spectively  upon  the  body  of  the  prolerfe.  Tab  29  of  trigger  pin  70.  A  conventional  notched  cross  bar  safety 

the  projectile  is  then  crimped  inwardly  icon  the  crimped  55  73  c::a  orerate  upon  the  trigger  to  prevent  its  movement, 
end  portion  2$  of  the  band  4.  The  rroiectile  has  an  In  a  forvardly  extending  horizontal  cavity  80  forward 

axial  cavity  30  in  which  is  contained  in  initiating  charge  of  the  trigger  and  firing  pin  assemblies  is  a  gas  metering 
31.  Radially  extending  flash  ports  32  communicate  the  and  injection  system.  The  system  conrisis  cf  the  cavity 
axial  cavitv  38  with  the  primer  croon:  24.  Toe  rear  SC  which  is  the  cylinder.  Within  the  cavity  is  a  piston 

end  of  the  cavity  39  is  scaled  with  rurcurzble  rnd  coa-  00  81  having  sr.il  rings  S2.  Extending  forwaruiy  from  the 

sm.-ir.b1e  disc  33.  piston  81  is  a  hollow  tabular  guide  rod  83  having  p-ropd- 

Tiie  projectile  of  Figure  4  is  fired  by  percussion  of  a  lant  port  84.  A  needle  valve  S6  disposed  between  guide 
firing  pin  against  band  4.  This  ignite*  the  primer  23  rod  .'13  and  metering  plunger  87  acts  as  a  flume  arrestor 
and  its  flash  travels  down  flash  ports  32  and  contacts  and  closes  off  the  fo-ward  end  of  the  holtow  opening  of 
initiating  charge  31.  Alter  ignition  cf  the  initiating  65  the  guide  rod  until  the  needle  valve  is  pushed  forward 
charge  by  the  primer  flash  disc  33  h  rrrfurcd  and  con-  past  port  106  and  the  needle  valve  have  seal  rings  88  ani 
suned  The  pa-es  from  the  burning  ir.Vmtine  charge  are  89  respectively  at  their  front  ends  to  prevent  leakage, 
used  to  initially  operate  the  propclli-r  system  as  de-  Seal  ring  88  prevents  ."onvard  leakage  of  the  liquid  propel- 
serihed  above  and  as  will  be  described  rore  fully  below  Ian!  into  the  needle  valve  cavity.  Seal  ring  89  prevents 
with  refere-.ee  la  e  gun  employing  the  -rojeetiie  shown.  70  forward  leakarc  of  the  propellant  gases  that  may  travel 
With  modifications  the  system  of  th:r  invention  could  down  port  106  and  of  liquid  rrorellnnt  into  the  plunger 
employ  other  tvp*  shells.  Fc*  examp'e  the  caxcless  pro-  and  plunger  spring  cavity.  The  plunger  87  which  bean 
jrclile  disclosed  in  copending  patent  atciieation  entitled  against  the  needle  valve  member  is  spring  biased  reai- 
“Ignition  System.”  Serial  Number  415.H7  filed  March  wardly  by  a  rlung-r  spring  90.  The  spring  and  tlx 
It,  1954,  now  abandoned,  could  be  used  if  the  shell  were  75  plunger  arc  normally  housed  within  a  plunger  bousing 
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91  which  is  threaded  into  the  receiver  extension  41  be¬ 
neath  the  barrel  40.  The  forward  csd  of  the  plunger 
housing  is  plugged  by  a  t)  'eaded  plunger  housing  plug 
91.  A  bustling  93  around  the  neck  of  plunger  87  rets  as 
a  guide  upon  the  stroke  o?  the  plunger.  Vents  94  and 
95  relieve  any  pressure  built  up  within  the  plunger  hous- 
ing. 

Cavity  80  within  the  receiver  extenrao  is  sealed  it  its 
rearward  opening  by  a  threaded  pli  a  100  (see  Figures 
5  and  12  especially).  The  plug  ha'  a  peripheral  groove 
101  into  which  gas  pert  102  enters.  The  port  directs 
propellant  gases  from  the  chamber  44  into  groove  101. 
After  entering  into  groove  101,  the  gases  are  directed 
against  metering  piston  81  by  plug  gas  port  103.  In 
order  to  increase  the  effectiveness  of  the  gases  in  moving 
the  piston  81  forward,  a  pocket  104  ntav  be  cupped  into 
the  head  of  the  piston.  Plug  105  seals  the  hole  that  was 
required  to  be  made  for  drilling  gas  port  102. 

Needle  valve  86  acts  as  a  (lame  arrestor  preventing 
flame  that  may  travel  down  port  106  from  contacting 
the  propellant  charge  in  'he  compression  chamber  86. 
Propellant  port  106  leads  from  the  credle  valve  cavity 
into  valve  assembly  107  (see  Figures  8  and  1 1  especially). 
When  the  needle  valve  is  pushed  forward  past  the  open¬ 
ing  of  the  port,  the  liquid  propellant  nows  upward  into 
the  port  106  and  into  the  valve  assembly.  The  valve 
assembly  has  a  threaded  tubular  merreer  108.  The  tu¬ 
bular  member  has  an  annular  shoulder  109  within  its 
axially  located  cavity  110  which  acts  as  a  stop  against 
ball  Ill.  Ball  111  is  detachably  secured  to  a  plunger 
111  which  is  spring  biased  outwardly  from  the  shoulder 
109  of  the  annular  cav:ty  by  valve  spring  113.  This 
spring  biasing  outwardly  scats  ball  111  upon  the  axial 
opening  of  the  shoulder  109.  Plug  114  is  threaded  into 
tubular  member  ICS.  A  peripheral  groove  115  around 
the  tubular  member  108  with  raoial  g  arts  116  lead  the 
propellant  into  the  interior  of  the  tufcvlar  member.  In¬ 
jection  port  117  extends  from  the  ball  portion  cavity  of 
the  tubular  member  1 08  to  the  chamber  4}  of  the  gun. 
A  seal  US  prevents  leakage  around  the  threads. 

The  metering  piston  81  is  ioaded  with  liquid  propellant 
through  an  injection  port  125.  This  port  is  within  a 
threaded  nipple  126.  A  prope’iant  supply  cor.du.t  127 
connects  the  tank  124  with  the  port  125  At  the  inner 
end  of  the  nipple  is  a  co  tnterbored  ca.it/  129  in  which 
is  contained  a  check  valve  130  biased  by  sprlr,  131. 
Ports  132  and  133  lead  into  the  volume  enclosed  by  the 
needle  valve  86  and  metering  cavity  <?.  An  air  bleed 
valve  134  vents  the  volume  of  the  rt  ipellai  t  supply 
conduit  127  and  part  of  the  volume  of  the  injection  port 
125  on  the  outer  side  of  the  check  valve  130. 

Wiihin  the  receiver  43  and  to  the  rear  of  tip;  metering 
assembly  in  (he  receiver  extension  42  is  a  magazine  129 
in  which  casclcss  projectiles  45  ?•-_  stored  until  use.  A 
magazine  spring  121  and  a  magazine  ioilower  122  force 
the  projectiles  121  upwardly  in  dispensing  fash’oa  to  the 
bolt  46.  The  magazine  is  hcid  in  pier;  by  a  magazine 
catch  119. 

Within  gun  stock  123  is  contained  a  tank  124  for  stor¬ 
age  of  liquid  propel! mt  fsee  Figure  9).  The  propellant 
within  the  tank  is  transferred  to  tre  .metering  assembly 
of  the  gun  by  pressure  uvduced  withir.  die  tank  through 
operation  of  a  hanJ  operated  prrssuie  pump  135.  This 
pressure  forces  the  liquid  propellant  oat  through  supply 
conduit  127,  into  the  injection  port  125  of  the  gun  and 
then  into  the  propellant  chamber  85  of  the  metering 
cavity  80. 

To  operate  the  run  of  "Igures  5  to  12,  tank  124 
within  gun  stock  123  is  first  loaded  with  licuid  propellant. 
A  magazine  120  containing  c?ie!ers  pmiectilcs  118  of 
the  design  shown  in  Figure  4  is  inerted  ir-o  the  maga¬ 
zine  opening  with  fee  receive  -  43.  Magazine  catch  119 
holds  the  magazine  h  place.  Trigger  surety  is  placed  in 
an  “on"  position.  The  liquid  propei  la.-  in  tank  124  is 
next  pumped  into  metering  cavity  b'l  o>  band  operation 
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of  pressure  pump  135.  The  pump  builds  up  pressure 
within  the  tank  forcing  the  piupellant  out  through  supply 
conduit  127  through  the  injection  port  125  and  into  meter¬ 
ing  cavity  80  shown  in  Figure  5.  The  pressure  in  the 
8  tank  may  be  buiit  up  to  the  point  that  hand  pumping 
will  only  be  required  after  a  series  of  rounds  have  been 
fired— the  number  of  the  scries  depending  upon  the  pres¬ 
sure.  Use  of  the  reciprocating  actions  of  the  bolt  could 
also  be  used  to  maintain  the  pressure  between  the  irjec- 
10  tion  port  125  and  caviiy  80,  the  propellant  flows  through 
check  valve  139  (see  Figure  8)  through  pons  132  and 
133  (sec  Figure  8)  and  into  the  compression  chamber 
o?  the  metering  assembly  by  feed  port  78.  Feed  port  71 
leads  directly  from  ports  132  and  133  into  the  compres- 
15  sion  chamber.  The  propellant  supply  conduit  is  bled  free 
of  air  when  fits*  firing  by  air  bleed  valve  134.  Next 
Operating  rod  58  is  pulled  rearwardly.  This  movement 
cocks  the  fairy  pin  58  by  action  of  cam  surface  64  of  the 
rod  acting  against  cocking  cam  pin  63  to  depress  the  firing 
20  pin  against  spring  59.  The  sear  shoulder  61  of  the 
trigger  62  cugages  the  cocking  shoulder  60  of  the  firing 
pin  vfccn  the  pin  is  sufficiently  depressed  downwardly. 
Movement  of  the  operating  rod  also  causes  unlocking  of 
the  bo!'  46  by  swinging  lockm?  lug  52  upwardly  through 
25  action  cf  angular  cam  slot  51  of  the  rod  50.  and  rear¬ 
ward  movement  of  the  boit.  Upon  release  of  the  rod  SO, 
operating  rod  spring  54  causes  forward  movement  of  the 
rod  and  bolt.  A  casclcss  projectile  is  swept  off  the  top 
of  the  stock  oi  casclcss  projectiles  of  (lie  magazine  and 
30  into  toe  chamber  44  of  the  receiver  extension  42.  The 
bolt  is  locked  at  the  completion  of  the  reload  stroke 
by  action  cf  cam  slot  51  upon  locking  lug  52. 

Tit  gun  is  fired  by  placing  the  safety  73  in  an  “off" 
position  end  puffing  the  finger  piece  71  of  the  trigger  62 
35  rearwardly.  This  causes  the  sear  shoulder  61  of  the 
trigger  to  release  the  cocking  shoulder  (0  of  the  firing 
pin.  The  pin  is  driven  by  force  of  firing  pin  spring 
59  \T.o  the  band  cf  projectile  45.  The  percussion  type 
primer  23  under  the  band  22  is  thereby  ignited  (see  Fig- 
ad  ure  4).  The  Cash  from  the  ignited  primer  23  travels 
through  flash  holes  32  and  onto  the  initiating  charge  31. 
The  initarirg  charge  becomes  ignited  and  in  burning 
generates  grs  p.essurc  which  travels  through  gas  port 
H2,  groove  tot  ot  plug  iuv,  plug  gas  port  103  and  into 
43  pocket  164  of  the  metering  piston  81.  The  metering 
piston  is  d  iven  forwardly  by  these  gases  against  the 
force  of  the  plunger  spring  90.  As  this  occurs,  liquid 
propellant  contained  in  propellant  chamber  85  is  driven 
out  of  said  chamber  through  port  84,  through  the  cavity 
50  of  guide  ru  i  S3,  and  into  the  volume  rearward  of  the 
needle  valve  86.  When  the  needle  valve  86  is  driven  for¬ 
wardly  past  port  1GS.  the  propellant  is  driven  upwardly 
through  propellant  port  156,  through  Inc  valve  assembly 
167  and  then  into  the  chamber  44  of  the  gun.  In  the 
)■>  valve  assembly  107,  the  propellant  flows  around  tubular 
member  103,  in  groove  115,  then  into  radical  ports  Ii6, 
around  plunger  112,  against  ball  111  and  through  injec¬ 
tion  port  117.  After  entering  into  the  chamber,  the 
propellant  bums  generating  addition:.;  pas  pressure  which 
CO  is  used  to  continue  the  irii  ction  system  just  described  and 
to  drive  the  projectile  45  out  the  bote  41  of  the  gun. 
This  continuous  injection  of  the  prupellanl  as  it  bums 
and  ;$  the  projectile  travels  is  known  as  regenerative  in¬ 
jection.  It  should  be  noted  that  the  chamber  44  was 
C5  initially  in  a  dry  state  until  the  burning  initiating  charge 
31  caused  injection  of  propellant  into  said  chamber. 
By  adjustment  of  the  force  of  spring  90  through  plug  92, 
t!  e  metering  rate  can  be  contr  Tied  for  optimum  energy 
usage  of  the  propellant.  In  use,  mosopropellants  are 
70  operable  because  burning  is  alicady  present  in  the  cham¬ 
ber  whoa  said  propellant  is  u<ed. 

Obviously,  the  projectile  propelling  system  is  useful  for 
all  ca.Thrr  weapons.  Other  designs  for  the  ;.un  and  the 
projectile  including  the  manner  of  ignition,  .ype  of  pro- 
75  jcctile  employ;.,  the  valve  arrange!,  mt  of  the  metering 
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system,  the  liquid  propellant  storage  system,  adaptation 
to  automatic  operands  and  other  features  •  it  recited  are 
possible  and  can  be  made  vtthout  departing  from  the 
spirit  and  scope  of  the  invenfion  as  set  forth  in  the  ap¬ 
pended  claims. 

The  invention  hrring  thus  been  described  what  is  de¬ 
sired  to  be  secured  by  Letters  Patent  is  as  follows: 

1.  A  liquid  propellant  gun  compri':-g  '  receiver,  a  re¬ 
ceiver  extension  fixed  to  said  receiver  and  containing  a 
chamber,  ignition  r-.eans.  a  liquid  propellant  metering 
assembly,  a  barrel  ixed  to  the  receiver  extension,  a  re¬ 
ciprocating  bolt  operable  to  seal  one  end  of  the  chamber, 
a  projectile  operable  to  seal  the  opposite  end  of  the  cham¬ 
ber  and  a  liquid  pirrellant  supply,  said  me’ering  assembly- 
including  a  metering  cylinder  and  a  metering  piston,  one 
face  ot'  the  piston  c^eperatjrv.  with  the  cylinder  to  define 
a  metering  cavity,  tie  oppo-rie  face  of  the  piston  co¬ 
operating  with  the  cylinder  to  define  a  pressure  pocket, 
conduit  means  connecting  the  metering  cavity  with  the 
chamber  and  corosrc  ig  the  chamber  with  the  pressure  to 
pocket,  a  one-way  sal.-e  disposed  in  the  metering  cavity 
conduit  means  e  “feeds;  to  permit  fluid  flow  in  circulatory 
fashion  from  the  -eterin;  cavity  to  the  chamber  and 
thsr.ee  to  the  pressure  pocket  whenever  the  piston  is 
moved  in  a  direciiac  which  tends  to  pressure  fluid  within  23 
the  metering  cavity. 

2.  A  liquid  propellant  guo  smprisir.g  a  receiver,  a  re¬ 
ceiver  extension  fixed  to  receiver,  a  projectile  and  a  liquid 
propellant  supply,  a  barrel  fixed  to  the  receiver  extension, 

a  bore  extending  trough  the  carrel  and  the  receiver  ex-  SO 
tension,  a  boll  carry  formed  in  the  receiver  and  iater- 
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secting  the  bore,  a  reciprocating  bolt  disposed  wirtrn  the 
bolt  cavity  and  operable  to  seal  one  end  of  the  bo,  said 
projectile  being  effective  to  seal  the  opposite  end  of  the 
bore,  sal-1  receiver  extension  containing  an  ignition  means 
0  and  a  liquid  propcilant  metering  assembly,  said  assembly 
comprising  a  metering  cylinder,  a  differential  area  piston 
disposed  in  the  cylinder  and  carrying  a  tubular  guide  rod, 
a  conduit  lendivg  from  the  bore  to  one  side  of  the  piston,  a 
second  conduit  leading  from  the  opposite  side  of  the  piston 
10  through  said  guide  rod  to  the  bore  and  means  for  intro¬ 
ducing  propellant  to  the  opposite  side  of  the  piston,  said 
second  conduit  containing  a  flow  control  means. 

3.  A  liquid  propellant  gun  as  defintd  in  claim  2  wherein 
the  flow  control  means  comprises  an  adjustable  needle 
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COMPRESSION  IGNITION  GUN 
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Duarte.  Calif.,  assignors  to  Olin  MalLieson  Chemical 
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Filed  Dec.  10,  1956,  Ser.  No.  627,724 

2  Claims.  (Cl.  S9— 7) 


The  present  invention  reiales  to  devices  for  advancing 
projectiles  and  is  paruculariy  concerned  with  projectile 
advancing  devices  which  utilize  fluid  mono;  ropellants. 

Our  invention,  in  particular,  utilizes  the  phenomenon 
of  vapor  compression  ignition  to  ignite  and  explode  a 
charge  of  liquid  propellant  iu  a  firing  or  compression 
chamber  to  propel  a  proie.  li.'c  from  the  chutnber: 

Vapor  phase  ignition  ot  combustible  substances  by 
adiabatic  compression  is  a  well-known  phenomenon  and 
has  heretofore  been  utiliz.d  on  a  large  scale  for  ignition 
of  air-fuel  mixtures  in  diesel  engines  and  the  like.  The 
compression  ignition  phenomenon  has  als:  been  found 
to  be  undesirable  and  even  hazardous  in  oiher  circum¬ 
stances,  for  example,  in  the  use  of  liquid  moncpropel- 
lantx  in  various  rocket  applications  where  the  monopro- 
pcllant  can  be  subjected  to  sudden  compression  when 
vaporized  or  partially  vaporized  during  rapid  opening 
cr  closing  of  valves  in  the  pumping  svotem. 

It  is  a  particular  object  of  the  pre^nt  invention  to 
provide  a  projectile  propulsion  mechanism  in  whiih  the 
phenomenon  of  compression  ignition  is  utilized. 

ft  is  a  further  object  of  the  present  invention  to  pro¬ 
vide  a  pu:elv  mechanical  ignition  system  lor  such  a 
mechanism,  thus  eliminating  the  need  for  fixed  ammu¬ 
nition,  primers,  electric  sparks  or  ether  ignition  schemes. 

A  still  further  object  of  the  invention  js  the  provision 
of  an  a  menu. ‘.a.  weapon  of  ary  desired  caliber  wherein 
the  propellant  ir  liquid  form  may  be  contained  con¬ 
veniently  in  a  reservoir  attached  to  or  closely  associated 
with  the  weapon. 

Another  object  of  the  invention  is  the  provision  of  a 
gun  in  which  the  projectiles  or  bullets  arc  handled  sepa¬ 
rate^  and  are  thus  not  associated  with  a  cartridge  cas¬ 
ing  of  any  kind. 

Another  ol  ject  of  the  inver  ;or.  is  the  provision  of  a 
compression  ignition  liquid  propellant  projectile  advanc¬ 
ing  scheme  winch  is  readilv  adaptable  to  present  day 
powder  actuated  tools.  The  tools  referred  to  here  are 
those  used  to  orive  rivets,  bolts,  studs,  and  other  fas¬ 
teners. 

Basically,  the  propulsion  mechanism  of  the  present 
invention  simply  requites  a  main  bod,  member  of  r.nv 
desired  shape  ferried  with  a  I  ?.e  defining  a  cylinder,  a 
barrel  having  a  firing  chamber  and  adap'ed  to  receive 
a  projectile  therein,  said  barrel  being  removably  attached 
to  and  communicating  with  the  bore  of  the  cylinder, 
a  piston  sliJably  positioned  within  the  bore,  projecting 
into  the  firing  chamber  and  provided  with  a  mechanism 
such  as  a  spring  for  driving  the  piston  forward  towards 
•he  mouth  of  the  barrel  to  reduce  the  volume  of  the  fir¬ 
ing  chamber. 

The  mechanism  is  opera' ed  by  chambering  a  tuilet,  a 
stud  or  other  projectile  at  the  forward  end  of  the  cham¬ 
ber,  ramming  the  projecti  e  home  (usually  to  the  begin¬ 
ning  of  the  rifling  or  other  sealing  means)  and  injecting 
a  metered  cha'ge  of  a  liquid  propellant,  susceptible  of 
compression  ignition,  into  the  chamber  between  the  pis- 
ten  and  the  projectile,  'inus,  the  propellant  is  con- 
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tained  within  a  cavity  of  the  firing  chamber  bounced 
on  the  forward  end  by  the  projectile  (which  makes  a 
fluid  tight  seal  with  the  barrel)  and  rearwcrdly  by  the 
piston. 

8  As  will  become  more  apparent  hereinafter,  the  bullet 
may  be  inserted  by  hand  through  the  rear  end  of  the 
chamber  by  providing  a  suitable  quick  operating  discon¬ 
nector  between  the  barrel  and  the  cylinder  or  by  pro¬ 
viding  a  slidable  -olt  as  m  a  bolt  action  firearm. 

10  After  the  buli-t  and.  the  liquid  propellant  are  posi¬ 
tioned  as  described  above,  the  piston  is  driven  forward 
towards  the  projectile  causing  the  gases  or  vapor  in  the 
chamber  to  be  compressed  under  approximately  adia¬ 
batic  eorditiors.  Tne  internal  heat  generated  thereby 
15  ignites  and  explodes  tbs  propellant,  driving  the  bullet, 
stud,  or  other  projectile  through  the  barrel  and  out  of 
the  muzzle  at  high  velocity.  The  reaction  of  the  explo¬ 
sion  may  be  uulized,  if  desired,  to  operated  upon  the 
piston  in  the  manner  of  a  blow  back  operated  gun  to 
2®  drive  the  piston  rearwardly  where  it  may  be  latched 
ready  for  the  next  compression  stroke. 

The  gases  or  vapors  which  are  heated  by  compression 
in  the  chamber  may  be  air.  propellant  vapor,  or  the 
gasecus  products  of  previous  combustions  of  the  propel - 
25  lant 

It  is  *o  be  understood  that  by  the  term  “propellant” 
it  is  intended  to  designate  liquid  monopropcllaats  sus¬ 
ceptible  of  compression  ignition.  Examples  cf  such 
monopropeiiacts  are  nitremethane,  propyl  nitrate,  and 
a  mixture  containing  by  weight  approximately  60  per¬ 
cent  bydrazdas  approximately  33  percent  hydrazine 
nitrate  and  abo'ri  7  percent  water. 

It  is  to  be  noted  that  propellants  of  the  above  general 
description  have  been  ignited  in  JO  caliber  guns  devel- 
3j  oping  .nurrie  velocities  as  high  as  17C0  feet  per  second 
using  bullets  of  standard  weight,  Le.,  UHt-150  grains. 

Having  described  the  general  principles  of  the  present 
invention,  a  mechanism  embodying  the  principles  will 
be  described.  The  invention  will  also  be  described  as 
40  adapted  to  a  conventional  single  shot  rifle. 

Obviously,  the  principles  of  the  invention  are  not  lim¬ 
ited  to  firearms  but  are  adaptable  to  so-called  powder 
actuated  tools  utilized  to  drive  studs  or  bolts  into  build¬ 
ing  materials.  Accordingly,  the  use  of  the  term  “projec- 
45  tiie”  nere:r.  is  intended  to  include  bullets,  studs,  boits. 
rivets  and  the  like. 

Referring  new  to  Fig.  1,  there  is  shown  schematically 
a  sectional  view  of  a  firing  mechanism  constructed  in 
accordance  with  the  principles  of  the  present  invention 
50  and  illustrating  to  advantage  a  projectile  seated  in  the 
firing  or  coTprt»s:on  chamher,  the  piston  ts  the  cocked 
position  and  propellant  being  injected  into  the  firing 
chamber; 

Ftg.  2  is  a  view  similar  to  Fig.  I  and  shows  the  piston 
55  advancing  toward  the  projectile  to  bring  about  adiabatic 
compression  of  die  monopropeilant; 

Fig.  3  is  also  similar  to  Fig.  I  and  shows  the  projec¬ 
tile  leaving  the  barrel  and  the  piston  at  a  point  along 
its  return  path: 

CO  Fig.  4  shows  the  pistoc.  fully  returned  and  latched 
ready  for  the  next  firing; 

Fig.  5  is  an  elevations]  view  of  a  portion  of  a  single 
shot  rifle  with  which  the  princip'es  of  the  invention 
may  be  associated  and  showing  the  compression  piston 
65  in  the  forward  position; 

Fig.  6  is  a  new  similar  to  the  showi  v  of  Tig.  5  illus¬ 
trating  the  compression  piston  in  the  ;  car  or  cocked 
pnrition: 

Fig.  7  is  a  plan  view  of  a  portit.r  of  the  rifle  of  Fig.  5 
70  showing  the  boil  operating  arm  to  edvantage; 

F'g.  %  b  a  view  of  the  sear  are  bolt  assembly,  some¬ 
what  enlarged,  in  the  cocked  condition; 
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Fig.  9  is  a  view  of  the  same  elements  in  the  position 
which  lep'escnls  the  start  of  the  pump  stroke;  and 

1  ip.  10  is  a  view  of  the  elements  in  the  position  which 
.  rencsin'.s  Lie  end  of  the  pump  stroke. 

.  P.cf err inp  now  to  Fists..  1  through  4,  the  reference  nu- 
.  merai  JO  designates  a  barrel  having  a  lifted  bore  21  ter¬ 
minating  in  a  smooth  bore  defining  a  firing  chamber  22. 

A  piste n  23  having  a  Lead  24  is  slidably  positioned  in 
the  cba-r.l'cr.  The  rear  end  of  the  barrel  20  is  received 
v  iit'.i:'  and  removably  fastened,  by  means  not  shown,  to 
a  cylinder  or  tubular  sprieg  cisc  16.  It  is  intended  that 
the  barrel  2f>  and  the  cylinder  "6  ureaderily  engage  ore 
another,  such  as  by  interrupted  Treads  so  that  the  barrel 
.may  be  readily  removed  for  re  purpose  of  inserting  a 
.  project. .c  25  Into  the  chamber  and  ramming  it  heme  (to 
the  o::..in  of  the  rilling)  to  make  a  fluid  tight  seal.  As 
shov.n  r.t  the  diav.ings,  the  cylinder  26  is  enclosed  by  a 
plate  27  and  the  piston  head  24  is  slii  able  in  the  cylin¬ 
der.  Disposed  between  the  piston  head  and  the  plate  is 
a  cci'  -g:ing  28.  The  spring  is  undci  a  substantial  eom- 
,  presses  i  loud  -u  all  times  end  is  used  to  drive  the  piston 
toward  the  projectile. 

Tbe  compression  or  firing  chamber  22  is  provided  with 
a  port  2a  through  which  a  metered  charge  of  fluid  mono- 
,prcp.iler.:  cf  the  type  previously  described  is  injected  be¬ 
tween  the  piston  23  and  the  projectil;  25  deposed  as 
shown  in  fig.  1 

The  pert  29  n'.u.  t  be  fitted  with  a  one  way  check  valve 
which  opposes  discharge  of  fluid  front  tee  interior  of  the 
chant:. r  and  any  suitable  positive  displacement  pump 
means  may  be  utilized  to  meter  the  liquid  through  the 
barrel  into  the  chamber.  When  the  barrel  20  and  the 
cylinder  26  arc  disconnected  for  the  purpose  of  inserting 
a  projectile,  the  piston  23  is  pushed  reerwardly  ccm- 
pre.::ng  tits  spring  25.  A  latch  31  is  provided  for  latch- 
.  mg  li. :  head  of  the  piston  in  the  position  shown  in  Fig.  1. 

rjiucc  ignition  of  the  liquia  propellant  is  accomplished 
by  adiabatic  compression,  a  minimum  compression  ratio 
is  required  to  generate  suiucicr.t  heat  to  cause  ignition. 
This  minimum  compression  ratio  is  dependent  on  the 
particular  prrpenart  t  sed.  and  also  cn  the  ratio  of  liquid 
to  vapor  volume  in  the  chamber.  Compression  ratio  is 
controlled  by  the  foric  of  the  opting,  and  the  mass  and 
c.p'.'-wct.or.al  area  of  the  pi.-too,  and  compression  ratios 
a,  mg.  as  11,0:1  ate  sometimes  required. 

With  the  piston  latched  by  the  element  31  and  propel¬ 
lent  dhreead  between,  tue  bead  of  the  piston  and  the 
bu'le;  23  as  shev.n  in  Fig.  1,  release  cf  the  p:sion  will 
permit  i*.  to  drive  forwardly  toward  the  projectile  in  re¬ 
sponse  to  the  urging  of  the  spring  23.  A  sudden  and 
sub>t.i:itl.  liy  adiabatic  compression  cf  the  vapor  volume 
in  the  chamber  occurs,  generating  sufficient  internal  heat 
to  bring  abet  t  ignition. 

Upon  i,.nit.  rn,  the  propellant  burns  explosively  and  the 
pro,ec;iic  or  t-u:  et  is  propc'lol  along  the  barrel  and 
leaves  the  be 1 1 el  at  high  velocity,  as  shown  in  Fig.  3, 
while  the  piston  23  is  driven  toward  the  rear  in  the  man¬ 
ner  of  a  firearm  having  ''blow-bacl.”  operation  Tbe 
blow-back  action  of  the  piston  occurs  at  a  rclati'.ely  low 
velocity  because  of  its  high  mass  (relative  to  the  mass 
of  the  projectile )  and  the  head  of  the  piston  overrides  the 
latcti  31  and  ;s  latched  in  the  position  shown  in  Fig.  4. 

Rcierr'iir  kuw  to  Figs.  5  through  10  ana  in  particular 
to  Figs.  l.  and  7,  there  is  shown  a  shoulder  firearm 
with  v.hicli  tre  principles  of  the  ptesent  invention  may 
be  utilized.  A  bolt  action  rifle  designated  generally  by 
the  ret  tc.icc  number  41  is  provided  with  a  bolt  42  '  av- 
ing  ac  operating  handle  43.  The  belt  is  slidable  V  md 
fro  in  a  x!;dc  44. 

Obvously,  the  holt  may  be  moved  from  a  for.  id 
position  as  shown  in  Fig.  7  to  a  rear  or  open  positicr  as 
;  represented  by  the  dotted  lines  in  Fig.  7.  In  the  open 
positron,  projectiles  seen  as  a  bullet  46  may  be  readily 
inserted  into  Lie  batrcl  as  at  45.  The  boll  is  provided 
wuh  a  first  bore  <*7  which  communicates  with  a  second 
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bore  48  hereinafter  referred  to  as  a  compression  or  firing 
chamber.  A  piston  51  having  j  head  52  is  slidable  within 
the  bolt.  A  coil  sprite  53  ic  operable  to  urge  the  piston 
to  the  right  as  viewed  n  Fig.  5. 

5  The  bolt  42  is  of  the  rotr*::r,g-lock  type  and  as  is  appar¬ 
ent  in  Fig.  7  is  operable  tc  be  rotated  until  the  operating 
handle  43  is  in  alignment  with  ir.e  slide  44  and  may  there¬ 
after  be  noveci  to  and  fre  clou?  the  longitudinal  axis  of 
the  gun. 

10  Upon  moving  the  bolt  to  the  left,  ns  viewed  in  Fig.  5, 
the  piston  5J  is  carried  to  the  lcri  until  a  shoulder  50 
formed  on  the  piston  overruns  n  sear  54.  The  se2r  is 
integral  with  a  trigger  assembly  indicated  generally  by 
the  reference  cumerei  £5,  pivotally  mounted  in  a  receiver 
15  by  a  pin  57.  A  spring  55  constantly  urges  the  trigger 
assembly  in  a  counterclockwise  diicction  so  that  when¬ 
ever  the  piston  is  moved  to  the  left,  a  distance  sufficient 
to  Jttmil  the  shoulder  £0  to  override  the  sear,  the  piston 
is  held  in  a  cocked  position  as  shown  in  Fig.  6.  An  arm 
20  £S  fo  med  integral  with  the  trigger  assembly  rides  upon 
and  actuates  a  pump  cam  61  which  in  turn  bears  upon 
a  pump  piston  62.  The  pump  cam  51  is  ro'.atabie  about 
a  pin  65  through  an  arc  limited  by  the  slot  64  and  the 
follower  63. 

25  ,n  the  manner  which  will  become  more  apparent  here¬ 
inafter  the  pump  can  is  operable  by  manipulation  of 
the  trigger  to  move  from  the  position  shown  in  Fig.  6  to 
th.  posit  on  of  Fig.  5  Daring  the  course  of  this  cam 
rat  .tion,  the  pump  piston  62  is  moved  to  the  right  (Fig. 
33  5)  against  a  spring  67  !u  pump  a  metered  quantity  of 
fluid  past  a  check  valve  6S  into  the  chamber  48  by  way 
of  a  conduit  6?.  It  is  to  be  noted  that  pump  cavity  is 
also  provided  with  a  check  vaive  71  to  seal  the  cavity 
during  the  pumping  action. 

35  Referring  further  to  Fig.  5,  there  is  shown  a  liquid 
propeiiar.t  container  72  having  a  relatively  movable  bot¬ 
tom  73.  Ioe  bottom  is  engaged  by  a  push  74  which  is 
in  turn  urged  to  the  left  by  an  actuating  spring  76.  The 
actuating  spring  is  constantly  under  compression  so  that 
‘l0  a  force  is  exerted  at  all  limes  on  the  push  rod  which  in 
turn  ler.ifs  to  *irp;  the  movable  bottom  73  to  the  left 
thereby  pressm^ng  propellant  within  the  container. 

Tic  Gum  pre  ure  under  w  hich  the  propellant  is  main- 
tadieu  is  strict  fed  so  as  tc  be  slightly  in  excess  of  the 
■*°  sprint,  pressur.  exm-i  d  by  the  purjp  cheek  valve  71.  In 
this  way,  there  is  aiway,  the  assurance  of  transfer  of  liquid 
piopcllant  f  r,n  the  container  68  to  the  pump  cavity  66 
when  the  p  imp  piston  assumes  the  position  shown  in 
Fig.  6.  — 

J0  It  is  to  l  :  noted  that  the  pring  pressure  of  tbe  check 
valve  68  must  be  of  siffici  at  .  .rengih  to  preclude  aJ- 
r.ii'.tiag  liquid  propeiian’  ini i  the  chamber  prematurely, 
i.e.,  prior  to  the  pumping  stroke.  In  other  words,  the 
spring  pressure  of  check  valve  68  should  be  in  excess  of 
55  that  of  vheck  valve  71. 

Attention  is  directed  to  the  fact  that  opeiction  of  the 
pump  cam  and  pump  piston  must  occur  prior  to  the 
passage  of  the  compression  piston  by  the  inlet  conduit 
69.  This  is  accomplished  by  providing  sufficient  hcrcht 
03  to  the  sear  54  so  that  there  may  be  appieciauic  rotruoa 
cf  the  trigger  and  corresponding  rotation  of  the  pump 
cam  without  unlatching  tbe  compression  piston. 

This  action  is  mere  apparent  from  the  .  ho  wing  cf  Fiat. 
8,  9  and  10U -.-/herein  Fig.  8  shows  the  compression  pisrea 
65  fully  latched  and  the  trigger  and  the  pain?  actuating 
cam  in  the  initial  position.  The  position  of  these  ele¬ 
ment:  at  this  time  corresponds  to  the  showing  o;  Fig.  6. 

In  Fig.  9  there  is  a  s!  ow  ing  of  UiC  rein  ion  ship  between 
_  the  sear  and  the  compression  piston  d.irng  actuation  cf 
‘3  tlie  pump  cam  but  prior  to  release  of  the  piston.  Tn: 
relative  position  of  the  sear  and  the  piston  moulder  illus¬ 
trated  in  Fig.  9  iccicates  that  the  trigger  hes  been  par¬ 
tially  routed  in  a  clockwise  direction  end  th'  pump  (am 
has  been  rotated  correspondingly  in  a  counterclockwise 
•5  direction. 
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Fig.  10  shows  the  condition  of  the  respective  elements 
just  at  the  instant  of  release  of  the  compression  piston 
and  upon  completion  of  the  pump  cam  rotation. 

It  is  to  be  understood  that  when  the  trigger  assembly 
and  the  pump  cam  reach  the  position  indicated  by  the  5 
showing  of  Fig.  10,  the  chamber  48  has  received  a  pre¬ 
determined  charge  of  fluid  propellant.  Further  travel  of 
the  compression  piston  adiabatically  compresses  the 
vapor  or  gas  vohane  in  the  chamber  generating  suffi¬ 
cient  heat  to  -ause  ignition  of  the  propellant.  There-  10 
after,  rapid  burning  occurs  and  the  exprr.sion  of  the 
gaseous  products  of  combustion  drives  the  projectile  along 
the  riding  and  out  of  the  barrel  into  the  atmosphere. 

Operation  . , 

Id 

The  operation  of  the  firearm  iflustrated  in  Figs.  5 
through  10  occurs  in  the  following  manner: 

Assume  that  the  bolt  has  been  opened  in  the  conven¬ 
tional  manner  and  that  a  bullet  in  the  form  of  a  lead 
slug  has  been  inserted  into  the  barrel  and  rammed  to  20 
the  base  of  the  rifling  as  shown  in  Fig.  6.  Upon  closing 
and  locking  the  boh,  the  compression  chamber  is  sealed, 
the  seal  being  represented  at  one  end  by  the  projectile 
sea'ed  against  the  rifling  ar.d  at  the  other  end  by  the 
compression  piston.  Assume  further  that  the  compres-  25 
sion  piston  is  in  the  cocked  position  as  shown  in  Fig.  6 
having  been  so  disposed  by  opening  the  bolt  or  by  the 
“blow  back"  action  of  a  previous  explosion.  Since  the 
trigger  and  sear  have  been  overridden  by  the  belt  and 
the  compression  piston,  the  pump  cam  will  be  in  the  posi-  CO 
tion  shown  in  Fig.  6.  Con  espondingiy,  the  pump  piston 
6t  will  be  disposed  to  the  left  as  viewed  in  Fig.  6  and 
the  propellant  under  fluid  pressure  within  the  container 
72  will  have  fc.  propellant  into  the  pump  cavity. 
Since  the  check  valve  in  the  conduit  leading  to  the  com-  Sa 
pression  chamber  dominates  the  pump  check  valve,  a 
charge  of  propellant  will  be  confined  in  the  pump  cavity. 

Upon  manipulation  of  the  trigger  in  the  conventional 
manner,  the  sear  gradually  draws  away  from  the  pump 
piston  shoulder  SO  and  in  the  first  predetermined  arc  of  40 
rotation  of  the  trigger,  the  pump  cam  will  be  actuated 
to  drive  the  pump  piston  to  the  right  (Fig.  f)  with  a 
force  sufficient  to  generate  pressure  which  overcomes  the 
check  valve  68  permitting  the  chaige  of  propellant  to 
flow  into  the  compression  chamber.  45 

Incidentally,  attention  is  directed  to  the  fact  that  the 
motivating  power  for  actuating  the  pump  piston  need  not 
be  derived  entirely  from  manual  operation  of  the  trigger. 

It  is  to  be  noted  that  the  compression  spring  53  is 
constantly  urging  the  compression  piston  to  the  right.  50 
Py  virtue  of  tbc  camming  action  between  the  shoulder 
50  and  '.he  sear  54.  the  spring  53  helps  to  drive  the 
trigger  through  its  initial  arc  of  rotation. 

Continued  rotation  of  the  trigger  frets  the  compres¬ 
sion  piston  to  move  to  the  right  sealing  off  the  inlet  port  s3 
69  and  compressing  the  charge  of  propellant  to  the  rela¬ 
tively  small  volume  such  as  shown  in  Fig.  5. 

The  compression  ratio  of  the  compression  chamber  is 
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selected  consistent  with  the  characteristics  of  the  par¬ 
ticular  liquid  propellant,  and  with  the  ratio  cf  'he  liquid 
charge  vo'ume  to  the  fotal  chamber  volume.  As  stated 
before,  sufficient  heat  is  generated  during  compression 
to  cause  the  liquid  propellant  to  ignite  and  burn  with  an 
explosive  force  to  propel  the  projectile  out  of  the  barrel 
of  the  firearm. 

Subsequent  operation  cf  the  firearm  may  be  accom¬ 
plished  by  repeating  the  step;  just  described. 

It  is  to  be  understood  that  it  is  entirely  within  the 
scope  of  the  present  invention  that  the  principles  thereof 
be  utilized  to  actuate  tools  for  advancing  rivets,  nails, 
bolts,  etc.  into  building  materials  as  well  to  advancing 
projectiles  from  firearms. 

It  is  also  within  the  contemplation  of  the  invention 
that  the  principles  thereof  be  utilized  in  automatic  fire¬ 
arms  in  which  the  “blow  back”  action  of  the  compres¬ 
sion  piston  compresses  the  operating  spring  to  store  suffi¬ 
cient  mechanical  energy  to  accomplish  feeding  of  pro¬ 
jectiles  and  other  necessary  mechanical  functions. 

It  is  further  contemplated  that  the  principles  of  this 
invention  can  be  utilized  in  various  automatic  or  semi¬ 
automatic  firearms  in  which  conventional  “recoil-opera¬ 
tion”  or  “gas-oneraticn”  is  utilized  in  conjunction  with 
the  ‘‘blow-buck'’  action  of  the  compression  piston  to 
accomplish  necessary  mechanical  functions. 

What  is  claimed  is: 

1.  In  a  firearm  including  a  barrel  and  a  trigger,  a 
bolt  operative  to  eigage  and  make  a  fluid  tight  seal  with 
respect  to  one  end  ot  the  barrel,  said  bolt  cooperating 
with  a  projectile  disposed  in  the  barrel  to  define  a  com¬ 
pression  chamber,  a  fluid  supply  container  communicat¬ 
ing  with  the  compression  chamber,  pump  means  in  cir¬ 
cuit  with  the  container  and  the  chamber  and  including  a 
piston  and  a  com  operatively  connected  to  the  trigger, 
said  pump  means  being  responsive  to  operation  of  the 
trigger  effective  to  meter  fluid  front  the  container  to  the 
chamber,  and  compression  means  including  the  bolt 
responsive  to  cperaiion  cf  the  trigger  for  changing  the 
volume  of  the  chamber  whereby  fluid  introduced  therein 
is  pressurized. 

•2.  The  firearm  of  claim  1  wherein  the  pump  and  at 
least  two  check  valves  are  disposed  between  the  fluid 
supply  container  and  the  pressure  chamber,  one  check 
valve  cooperating  with  tbc  fluid  supply  container  and  the 
other  check  valve  cooperating  with  the  pressure  chamber. 
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This  implication  is  a  division  of  co- pending  aoplicaticn. 
Serial  Number  278.676,  filed  May  7,  1953. 

This  invention  relates  to  an  explosive  driven  unit  and 
in  particular  to  bullets  and  projectile-type  fasteners  each 
of  which  includes  and  uses  a  liquid  propellant  charge. 

One  object  of  this  invention  is  to  provide  a  relatively 
simple  primerless  type  of  bullet  or  projectile  fastener 
which  depends  on  adiabatic  compression  of  gas  in  the 
compression  chamber  of  a  gun  or  tool  barrel  for  ignition 
and  explosive  expansion  of  the  propellant  and  thereby 
avoids  need  for  carrying  a  propellant  charge  together 
with  a  priming  mix  separately  from  the  bullet  or  other 
projectile  unit. 

Another  object  is  to  provide  a  simp!*  projectile  struc¬ 
ture  including  a  charge  of  mixed  liqu,„  all  y i  ciuates,  a 
pump  piston,  and  a  rupturable  seal,  all  as  an  integral 
part  of  a  projectile  unit. 

Another  object  is  to  provide  a  projectile  structure  hav¬ 
ing  initially  a  cavity  substantially  filled  with  propellant, 
thereby  avoiding  need  for  additional  cavity  space  f  'r  an 
adiabatically  compressible  gaseous  phase  for  ignition  of 
the  propellant,  but  having  finally  a  maximum  projectable 
solid  body  of  the  desired  caliber  for  projection  through 
a  barrel. 

Another  is  a  bullet  or  fastener  with  a  liquid  propellant 
charge,  avoiding  need  for  cartridge  cases,  their  extraefion 
or  ejection,  and  also  storage  and  metering  devices. 

Still  another  object  is  the  provision  of  a  bullet  or 
fastener  providing  an  accurate  propellant  charge  together 
with  a  means  for  injecting  that  charge  into  the  compres¬ 
sion  and  firing  chamber  of  a  firearm  or  toot. 

Still  another  object  is  the  provision  of  a  simple  but 
rugged  firing  apparatus.  The  apparatus  is  capaDle  of  in¬ 
jecting  the  charge  of  liquid  propellant  in  a  compression 
chamber  and  of  applying  compression  for  ignition  with¬ 
out  the  need  for  a  propellant  reservoir,  for  various  fluid 
metering  and  valving  parts,  and  for  an  apparatus  pumper 
acting  directly  on  the  propellant  with  attendant  deteriora¬ 
tion. 

Other  objects  and  advantages  will  be  evident  from  a 
description  of  various  embodiments  shewn  in  the  accom¬ 
panying  drawings  in  which: 

FIG.  1  is  a  longitudinal  view  in  cross  seciion  of  a  bullet 
according  to  this  invention  shown  before  firing; 

FIG.  2  is  a  longitudinal  view  also  in  cross  section  of 
the  same  bullet  shown  after  firing; 

FIG.  3  is  a  longitudinal  partly  cross  sectional  view  of 
a  projectile  type  oi  fastener  according  to  another  embodi¬ 
ment  cf  this  invention  shown  before  explosive  driving  in 
suitable  driving  apparatus  only  part  of  which  is  shown: 

FIG.  4  is  a  view  of  the  same  fastener  shown  after  it 
has  been  driven; 

FIG.  5  is  a  fragmentary  view  of  a  suitable  firing  or 
driving  apparatus  according  to  this  invention  showing 
the  parts  and  a  bullet  of  the  type  shown  is  FIGURE  1 
in  the  ready-to-fire  position; 

FIG.  6  shows  the  apparatus  and  bullet  in  chambering 
and  pumping  position; 

FIG.  7  shows  the  apparatus  and  bullet  during  ignition; 
and 

FIG.  8  shows  the  apparatus  with  certain  of  its  parts 
being  blown  back  by  the  burning  propellant  gases  follow- 
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ing  ignition  to  put  these  parts  into  the  ready-to-fire  posi¬ 
tion  again. 

As  shown  in  FIGURE  1  there  is  provided  an  embry¬ 
onic  bullet  II  consisting  of  the  usual  jacket  I  of  a  suitable 
copper  base  alloy,  a  solid  front  core  section  2  usually  of 
lead  or  an  alloy  of  lead,  and  a  rear  core  seciion  3  fitted 
snugly  in  the  jacket  and  displaced  rcarwardly  from  the 
front  section  to  provide  a  cavity  4  containing  a  charge 

5  of  a  liquid  monopropellant. 

For  example,  in  a  typical  0.45  caliber  bullet,  a  cavity 
volume  and  charge  of  about  0.5  of  a  cubic  centimeter 
arc  contemplated;  which  is  to  say  that  the  cavity  is  to  be 
almost  completely  filled  with  an  alkyl  nitrate  propellant, 
except  for  a  few  percent  of  volumetric  capacity  left  to 
take  up  for  thermal  expansion  and  contraction  of  the 
liquid.  A  suitable  liquid  propellant  is  a  mixture  of  ethyl 
nitrate  and  normal  propyl  nitraie.  Specifically,  60  mole 
percent  of  ethy  l  nitrate  admixed  in  normal  propyl  ni¬ 
trate,  and  known  as  60:40  EPN,  was  found  to  have  the 
desired  sensitivity  and  reliability  from  the  standpoint  of 
adiabatic  compressive  ignition  and  stability. 

Projecting  from  the  jacket  and  sealed  in  by  the  ring 

6  of  sealant  such  as  solder  or  epoxy  resin,  the  rear  core 
section  3  has  a  centra!  aperture  7  forming  an  ejection  pas¬ 
sage  hermetically  dosed  by  a  plug  8  of  suitable  consum¬ 
able  materia!  such  as  polyethylene  force-fitted  into  this 
tiny  eperture  to  prevent  loss  of  propellant  before  use. 
The  closure  S,  which  may  be  further  sealed  and  retained 
by  the  application  of  an  epoxy  adhesive  9  is  adapted  to 
rupture  whenever  the  rear  core  section  3  is  rammes, 
forward  by  a  thrust  applied  to  the  trailing  end  of  the  sec¬ 
tion  at  bevel  10  provided  for  the  purpose. 

After  firing  the  projectile  assumes  the  final  form  of 
the  bullet  15  shown  in  FIGURE  2  where  the  sections  2 
and  3  are  put  into  abutment  inside  the  jacket  to  provide  a 
substantially  solid  bullet  characterized  by  desirable  ex¬ 
ternal  ballistic  parameters. 

Firing  abolishes  the  cavity  3  and  except  for  the  pres¬ 
ence  of  the  remaining  central  aperture  7  the  projected 
bullet  15  is  quite  conventional  in  appearance  and  be¬ 
havior  as  compared  to  the  embryonic  forms  II. 

The  core  sections  may  be  of  any  suitable  material 
such  as  steel,  or  a  combination  of  materials  to  provide 
desired  weight  and/or  hardness,  balance,  armour  pierc¬ 
ing  properties,  or  mushrooming  properties. 

In  FIGURE  3.  the  embryonic  unit  16  is  of  a  form  suit¬ 
able  for  assuming  the  final  finished  shape  of  the  fastener 
18  shown  in  FIGURE  4  driven  into  a  supporting  plate 
19. 

This  unit  nas  a  main  fastener  section  21  of  steel  of  suit¬ 
able  hardness  and  toughness  having  an  ogivally  tapered 
piercing  point  22  and  a  threaded  or  otherwise  formed  and 
enlarged  rear  end  23.  usually  as  shown  to  „dapt  section 
21  for  attachment  of  objects  to  th-  support.  One  end  of 
the  main  section  is  recessed  at  the  rear  to  form  the  pro¬ 
pellant  cavity  24  containing  the  EPN  mixture  25  and  par¬ 
tially  containing  the  compression  plug  section  28  closing 
the  cavhy  and  retained  in  hollow  section  21  frictionally 
and/or  adhesively  with  the  aid  of  a  sealing  ring  of  epoxy 
resin  adhesive  29.  In  lieu  of  central  passages,  the  plug 
section  is  provided  with  longitudinal  serrations  30  form¬ 
ing  passages  around  its  .ylindrical  surface  for  ejection  of 
the  propellant  when  the  seal  29  is  ruptured  as  the  plug 
section  2fi  is  pushed  in  by  ram  31  to  fill  the  cavity  24  and 
drive  the  propellant  out  into  the  compression  chamber  32 
formed  in  tool  barrel  33  around  the  ram  between  the 
fastener  unit  16  and  a  compression  plunger  34  coaxially 
mounted  to  slide  forwardly  with  respect  to  ram  31  after 
the  latter  has  completed  its  forward  thrust  against  the 
fastener  plug  section. 

Ram  31  and  section  28  have  convex  faces  35  and  36, 
respectively,  in  juxtaposition  to  allow  for  application  of  the 
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pressure  of  tire  ignited  prcp-.llanl  against  both  sections  of 
ti.e  fastener  and  avoid  separation  of  them. 

The  serrations  30  take  the  form  of  preferably  two  or 
three  slots  equally  spaced  about  the  circumference  of  sec¬ 
tion  23. 

To  chamber  the  projectile  fastener  unit  16  in  the  bar¬ 
rel  33  with  a  desired  seal  and  a  desired  initial  resistance 
and  thereby  provide  confinement  at  the  front  end  of  the 
compression  chamber  there  is  a  tapered  shot-start  collar 
43  forwardly  converging  to  fit  between  the  tapered  tool 
shoulder  41  leading  liem  the  chamber  to  the  barrel  and 
the  tapered  fastener  shoulder  42.  The  collar  is  made  of  a 
suitable  plastically  deformable  metallic  or  plastic  mate¬ 
rial  such  as  soft  aluminum,  50:50  leed-tln  alloy  cr  a  readily 
consumable  polyolefin  such  as  polyethylene.  Alternately, 
the  coliar  may  be  formed  integrally  as  a  thin  readily  de¬ 
formable  tin  circumferentially  extending  out  between  the 
threads  and  the  tapered  shoulder.  This,  like  the  malleable 
metal  and  the  combustible  polyethylene,  has  the  advantage 
of  leaving  no  residual  ring  in  the  gun  or  too!  barrel  after 
firing. 

In  the  gun  device  of  FIGURES  5  to  8,  shot  start  and 
sealing  in  barrel  S3  is  provided  by  ramming  the  projectile 
unit  home  to  the  beginning  of  the  rifling  55  by  means  of 
the  compound  rifle  bolt  53  part  of  which  has  a  short  stroke 
for  picking  the  unit  out  of  a  magazine  53  and  positioning 
it  in  gun  chamber  54.  The  bolt,  as  in  the  driving  device 
shown  in  FIGURE  3,  has  two  coaxial  parts,  namely  a  bolt 
ram  £6  sleeved  about  an  inner  propellant  compression  pis¬ 
ton  57.  There  correspond,  respectively,  to  ram  3!  and 
plunger  34,  FIGURE  3.  The  rain  56  is  biased  forwardly 
by  the  bolt  ccii  spring  55  and  is  driven  forwardly  when 
tlx  bolt  sear  59,  which  is  biased  by  sear  follower  t'i  and 
its  spring  61  into  engagement  w  ith  sear  notch  62.  is  dis¬ 
engaged  from  the  notch  in  response  to  the  operation  of 
the  trigger  (not  shown).  The  driven  ram  then  engages 
at  bevel  10  v.iih  the  piston  section  3  of  the  bullet  unit  and 
ranis  the  bullet  jacket  home  while  sealing  c.T  the  gun 
chamber  54  from  live  mug:  zinc  33  by  a  sleeve  valve  ac¬ 
tion  as  shov.n  in  FIGURE  6.  At  this  stage,  there  is 
formed  a  compression  chamber  63  in  the  tubular  ram  be¬ 
tween  the  buil-e!  and  the  head  64  of  the  compression  pis¬ 
ton.  Continued  forvtrd  motion  of  the  rum  drives  section 
3  of  the  bullet  forward  to  break  seals  at  6  and  ?.  and  umcr.t 
plug  S  so  that  the  rammed  secuon  3  may  act  as  a  piston  43 
directly  acting  on  the  liquid  propellant  to  pet  it  through 
aperture  7  into  chamber  03  as  shown  in  FIGURE  6. 

Further  trigger  action  releases  compression  piston  77  to 
act  cn  the  mixture  of  liquid  and  gas  for  adiabatic  com¬ 
pression  cf  the  latter  and  ignition  of  the  former  as  shown  20 
in  FIGURE  7. 

This  system  allowing  a  closed  breech  is  admirably  suited 
to  automatic  reeocklng  by  “blow-back"  action  of  the  pro¬ 
pelling  {.arcs  acting  on  both  the  ram  and  the  piston  cf  the 
bolt  after  firing.  ’ 

Entry  of  dirt  is  avoided  since  the  system  is  closed  and 
requires  r.o  outside  ports  continuously  opening  and  clos¬ 
ing  with  each  -hot  for  ejection  such  as  occurs  in  systems 
using  a  cartridge  case. 

It  will  be  understood  rhat  the  bullet  of  FIGURES  1 
and  2  need  not  be  jacke  Cu  and  that  the  front  core  scc- 
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lion  may  be  integral  with  the  jacket  shown.  The  bullet 
rear  section  may  take  either  the  centrally  apertured  form 
or  the  form  of  the  uniformly  set  rated  plug  section  of  FIG¬ 
URES  3  and  4.  Likewise,  these  serrations  providing  pas- 
5  sages  at  the  outer  surface  of  the  plug  may  he  replaced  by 
a  central  passage  for  ejection  cf  the  propellant. 

The  means  for  sealing  the  ejection  aperture  is  adherent 
to  one  of  the  uni:  sections  and  is  mpturable  at  a  predeter¬ 
mined  ram  force  to  release  the  propellant  for  adiabatic 
13  ignition. 

In  any  event,  the  recess  In  the  body  section  and  also 
the  plug  section  both  are  of  complementary  cylindrical 
configuration  to  adapt  these  for  frictional  retention  yield- 
able  under  a  forward  thrust  to  allow  telescoping  action 
!5  between  the  sections  for  decrease  of  the  cavity  volume  and 
ejection  of  t'-.e  propellant  c!‘.arce  forcefully  through  the 
ejection  passage  for  relatively  instantaneous  fueling  of  the 
compression  and  combustion  chamber. 

As  a  safety  feature,  the  cavities  4  and  24  are  nearly  com- 
20  pietely  filled  with  liquid,  leaving  insufficient  volume  un- 
fiiied  for  premature  adiabatic  ignition,  in  contrast  with  the 
compression  chamber  in  the  firing  device  where  liquid 
p.opcilsnt  loading  is  from  about  15  percent  to  about  45 
percent  of  the  initial  volume.  The  liquid  ejection  ram  of 
23  the  bolt  preferably  has  a  somewhat  slower  stroke  than  the 
adiabatic  firing  compression  piston. 

What  is  claimed  is: 

1.  A  firing  device  for  explosively  projecting  units  of  the 
type  described  comprising  a  barrel,  an  axially  extending 

0  belt  operative  to  engage  and  nuke  a  fluid-light  seal  with 
respect  to  one  end  of  said  barrel,  said  bolt  cooperating  with 
a  p.ojecti’e  unit  disposed  in  a  position  in  tbs  barrel  oppo¬ 
site  said  bolt  to  define  a  barrel  chamber,  a  first  piston 
means  including  su'd  bolt  for  feeding  and  compressing  sakl 
5  ur.it  in  said  barrel  to  sa  d  position  and  to  eject  liquid  pro¬ 
pellent  from  said  unit  into  an  axially  extending  compres¬ 
sion  chamber  including  said  belt,  said  compression  cham¬ 
ber  being  formed  in  said  barrel  chamber,  and  a  second  pis¬ 
ton  means  including  said  bolt  coaxially  mounted  with  re¬ 
spect  to  said  first  piston  means  and  having  relative  axial 
movement  with  rcr.pcct  to  said  first  piston  means  for  re¬ 
ducing  the  volume  of  said  compression  chamber  whereby 
tha  liquid  introduced  therein  is  pressurized  together  with 
a  gaseous  phase  for  adiabatic  ignition. 

2.  The  firing  device  of  claim  f  wherein  the  first  piston 
means  is  coaxially  mourned  about  said  second  piston 
means  and  is  adapted  to  act  cn  a  protruding  moveable 
rear  end  part  of  a  projectile  unit. 

3.  The  firing  device  of  claim  1  wherein  the  first  piston 
means  is  coaxially  mounted  within  said  second  piston 
means  and  is  adapted  to  act  on  a  protruding  moveable  rear 
end  part  of  a  projectile  unit. 
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This  invention  relates  to  vrlve  systems  suitable  for  use 
iri  fi  tea  nr,  arid  tools  powered  fcy  adiabatic  compression 
of  a  liquid  propellant. 

It  is  known  that  certain  liquid  propellants  can  he  com¬ 
pressed  into  a  very  small  volume  and  caused  to  icni'.e. 
The  compression  ignition  of  the  propellant  produces  high 
pressure  gases  which,  if  properly  controlled,  can  be  di¬ 
rected  against  a  projectile  cr  a  working  piston  to  act  as 
the  propelling  force  for  the  project:'.?  or  bullet. 

One  of  the  basic  essentials  of  a  successful  liquid  propel¬ 
lant  system  is  a  valve  system  which  will  confine  the  pro¬ 
pellant  so  that  a  high  crouch  pressure  can  be  obtained 
to  propagate  ignition.  The  valve  must  remain  closed 
long  enough  after  ignition  to  allow  for  the  required  pres¬ 
sure  buildup  and  then  open  for  a  long  enough  interval 
to  allow  the  gns  pressure  to  be  transferred  f-om  the  com¬ 
bustion  chamber  to  a  pro>eeti!e  cr  wchinc  piston. 

ft  is  therefore  a  feature  of  this  invention  to  provide  a 
novel  valve  system  for  a  liquid  propelled  firearm  or  tool. 

It  is  a  further  feature  of  this  invention  to  provide  a 
valve  system  for  a  liquid  propelled  firearm  or  tool  which 
is  simple  in  design,  durable,  and  economical  to  manu¬ 
facture. 

It  is  a  further  feature  of  this  invention  to  provide  a 
vaivc  system  for  a  liquid  propelled  firearm  or  tool  which 
is  capable  of  delivering  gases  at  a  predetermined  pressure 
to  a  work  pcrforr.'.ir,g  element  consistently. 

It  is  a  further  feature  of  this  invention  to  provide  a 
valve  system  for  a  liquid  propelled  device  which  will 
prov.de  an  elective  seal  during  the  compression  si: eke 
while  the  propel  Ian.  is  compressed  to  ignition;  will  con¬ 
tinue  to  seal  against  gas  leakage  until  a  predetermined 
pressure  is  attained;  and  will  then  quickly  open  within 
a  fraction  of  a  second  and  remain  open  until  all  the  pres¬ 
sure  has  been  everted  against  a  projectile  or  working  pis¬ 
ton. 

These  and  other  features  and  advantages  of  this  inven¬ 
tion  v.:'l  become  more  reads')  apparent  from  the  follow- 
in"  t  tai'ed  description  and  cravings  in  which: 

FIGURE  1  is  a  cut-away  sectional  view  show.r.g  one 
embodiment  of  this  valve  system. 

FIGURE  2  is  a  modified  term  of  the  invention  shown 
in  FIGURE  1. 

Referring  now  to  FIGURE  1  of  the  drawings,  a  hous¬ 
ing  generally  indicated  1  is  provided.  Formed  or  other¬ 
wise  provided  in  housing  1  is  a  combi. siion  chamber  2. 
2.  A  compression  piston  3  is  slidably  mounted  in 
combustion  chamber  2  and  is  moved  by  means  (not 
shown)  toward  one  end  by  combustion  chamber  2. 
Piston  3  compresses  a  liquid  propellant  which  has 
been  injected  into  combustion  chamber  2  by  pump 
means  (not  shown).  The  liquid  propeilart  is  compressed 
into  a  very  small  volume  at  a  pressure  sufficient  to  cause 
compression  ignition,  and  combustion  of  the  propellant. 
A  valve  chamber  4  communicates  with  combi;  ;tion  cham¬ 
ber  3  through  a  reduced  opening  5.  A  valve  •»  is  mounted 
for  sliding  movement  in  valve  chamber  4.  The  forward 
end  of  valve  chamber  4  is  beve'ed  to  provide  a  valve  scat 
7  for  the  conical  nose  8A  of  valve  6.  The  valv  6  com¬ 
prises  a  forward  er.d  8  which  includes  conical  nose  8A, 
an  intermeii  ale  guide  portion  9  of  enlarged  diameter,  and 
a  rcarwardly  extending  stem  portion  10  of  reduced  diam¬ 
eter.  Sealing  means  such  as  O-rings  83  prevent  gases 
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from  bypassing  the  forward  end  of  valve  6.  A  shoulder  11 
is  formed  between  intermediate  guide  portion  9  and  stem 
10.  Valve  6  is  urged  onto  valve  teat  7  by  spring  12 
acting  through  a  spring  retainer  13  which  pushes  on  the 
5  cr.d  cf  the  valve  steal  10.  Snubber  means  14  is  mounted 
in  the  valve  chamber  4  to  buffer  and  limit  the  rearward 
movement  cf  valve  6  and  to  retain  the  valve  6  in  its  rear¬ 
ward  position  for  a  predetermined  interval  of  time.  The 
snubber  means  may  comprise  a  steel  disc  15  and  a  re- 
10  silient  piug  l't.  The  resilient  plug  16  is  mounted  in  a 
tapered  portion  17  cf  the  valve  chamber  4  and  surrounds 
valve  stem  10.  A  metallic  liner  18  may  be  fitted  on  the 
inside  of  tne  resilient  plug  to  improve  its  wearing  char¬ 
acteristics.  As  the  valve  6  moves  rcarwardly,  the  sboul- 
15  der  11  of  the  valve  engages  steel  disc  15  and  causes  the 
resilient  piug  to  be  compressed  into  the  conical  portion 
17  of  valve  chamber  4.  This  causes  the  resilient  plug  16 
to  be  compressed  and  tightly  grip  valve  stem  10.  A  barrel 
chamber  15  has  one  end  20  communicating  with  valve 
20  chamber  4  so  that  hot  gases  are  transferred  directly  from 
the  combustion  chamber  to  the  barrel  chamber  as  soon 
as  vaivc  5  is  opened.  A  working  piston  21  is  slidably 
mounted  in  barrel  chamber  19  and  is  moved  forward  in 
the  barrel  chamber  1?  by  the  gas  pressure  caused  by  the 
25  combustion  of  the  liquid  propellant  to  perform  useful 
work.  Instead  of  piston  21,  a  projectile  such  as  a  bullet 
(not  shown )  may  be  positioned  in  the  barrel  chamber  and 
accelerated  by  the  hot  gases  of  combustion. 

The  operation  of  the  above  described  device  will  now 
30  be  described. 

A  suitable  liquid  propellant  is  injected  into  the  upper 
end  of  combustion  chamber  2  by  pump  means  (not 
shown).  The  compression  r .ston  3  is  moved  toward  the 
upper  end  of  combustion  t  .amber  2  to  compress  the 
35  liquid  propellant  into  a  very  smail  volume  on  the  order 
of  .030  cubic  inch.  As  soon  as  a  pressure  level  on  the 
order  of  4G0  pj.i.  is  dire  c.'.J  a  gains  i  he  liquid  propellant 
by  means  of  piston  3,  igr.Uion  occurs  and  the  pressure  in 
combustion  chamber  2  rbe>  ra pithy  to  a  range  of  about 
43  50.000  p.r,.i.  This  pressure  acts  d.reclly  cn  the  tapered 
end  S  of  valve  6  through  reduced  opening  5.  The  pres¬ 
sure  causes  valve  6  to  move  off  valve  seat  7  which  im¬ 
mediately  exposes  the  entire  area  at  the  end  of  valve  6 
to  the  pressure  thus  accelerating  its  rearward  motion 
43  aga:nsl  spring  12. 

The  valve  6  i;  moved  rcarwardly  with  an  acceleration 
nn  the  order  of  2.5  million  ft./sc:.:.  Within  a  quarter 
of  an  inch  of  travel,  the  valve  builds  up  an  ener,y  level 
of  about  200  ft./lbs.  w  lich  must  be  controlled  by  suitable 
50  snubber  means  if  the  vaivc  is  to  function  repe;.;cdly  over 
a  large  number  of  cycles.  To  control  the  valve,  a  snubber 
means  14  is  provided  which  may  comprise  a  meta!  disc  IS 
of  steel  or  other  suitable  material  and  a  resilient  plug  16 
which  surrounds  the  stem  10  of  piston  6.  As  valve  6 
53  moves  rcarwardly  against  spring  12,  shoulder  11  engages 
metal  disc  15  ar.d  moves  disc  15  rcarwardly  against  re¬ 
silient  plug  16.  The  resilient  plug  15  is  compressed  into 
the  tapered  portion  17  of  the  valve  chamber  and  moves 
radially  inwardly  about  valve  stem  10  to  grip  and  retain 
60  the  valve  long  enough  for  the  bot  gases  of  combustion  to 
pass  into  ba~rcl  chamber  19  and  act  cn  the  working  pis¬ 
ton  21  positioned  therein.  The  seif-snubbing  feature  of 
snubber  means  14  is  an  important  function  of  my  device. 
63  Should  the  valve  6  merely  strike  a  solid  surface,  it  would 
tend  to  rebound  from  the  solid  surface  and  close  almost 
immediately,  closing  off  the  flow  of  high  pressure  gas  to 
the  wort  in-;  pi  ton.  The  trapped  gas  would  (ben  expand 
it-  energy  against  compression  piston  3  causing  destructive 
70  forces  in  the  system.  With  the  snubber  means,  the  valve 
6  is  gripped  and  retained  long  enough  (.005  to  .010  sec¬ 
ond)  before  the  valve  can  return  to  a  Fatty  closed  posi- 
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tion  to  insure  that  the  high  pressure  gas  gives  up  its 
energy  to  the  working  piston  21. 

FIGURE  2  shows  another  embodiment  of  the  invention. 

Referring  now  to  FIGURE  2,  a  housing  generally 
indicated  30  is  provided.  A  combustion  chamber  31  is 
provided  in  housing  30.  A  compression  piston  32  is  slid¬ 
ably  mounted  in  combustion  chamber  31  and  is  moveu 
by  means  (not  shown)  to  compress  to  ignite'  a  liquid 
propellant  which  has  been  injected  into  the  upper  portion 
of  combustion  chamber  31  by  pump  means  (not  shown). 
The  upper  end  of  combustion  chamber  31  communicates 
with  a  valve  chamber  33.  Valve  chamber  33  includes 
a  forward  portion  34  of  reduced  diameter,  an  intermediate 
portion  35  and  a  rearward  tapered  portion  36.  Mounted 
in  the  valve  chamber  33  is  a  valve  37.  The  valve  37 
includes  a  nose  portion  38,  an  enlarged  guide  portion  3?, 
and  a  stem  portion  40.  The  nose  portion  33  of  the  valve 
is  tapered  at  41  and  is  normally  engaged  against  valve 
seat  42  formed  in  the  forward  end  of  valve  chamber  33 
to  provide  an  effective  gas  seal.  A  shoulder  43  is  formed 
on  tbe  nose  portion  38  between  the  taper  41  and  the  en¬ 
larged  guide  portion  39.  Gas  piessure  created  by  the 
combustion  of  the  liquid  propellant  acts  against  shoulder 
43  and  moves  the  valve  37  rcarvvardiy  against  a  spring  45 
and  a  spring  retainer  46  which  normally  urge  valve  37 
against  valve  seat  42.  As  soon  as  valve  37  begins  its 
rearward  movement  and  moves  away  from  valve  seat  42, 
the  entire  area  at  the  forward  end  of  the  valve  is  exposed 
to  the  gas  pressure.  This  causes  valve  37  to  be  accel¬ 
erated  rearwardlv  sc  that  guide  portion  39  engages 
snubber  means  47.  Snubber  means  47  includes  a  disc  48 
and  a  split  resilient  sleeve  49  which  surrounds  the  valve 
stem  40.  A  major  portion  cf  split  resilient  sleeve  47 
is  positioned  in  the  taperec  portion  36  of  valve  cham¬ 
ber  33.  A  split  metallic  It  ter  50  may  be  provided  be¬ 
tween  stem  40  and  sleeve  47  to  reduce  the  effects  of 
wear  on  the  resilient  sleeve.  Buffer  means  45  functions 
to  buffer  and  snub  valve  36  in  the  same  way  as  described 
with  reference  to  the  embodiment  of  FIGURE  1. 

A  plurality  cf  sealing  rings  3SA  are  provided  to  prevent 
gases  from  leaking  past  the  nose  portion  33  of  the  valve. 

A  barrel  chamber  51  has  one  end  communicating  w'ith 
valve  chamber  33  through  reduced  opening  52.  A  work¬ 
ing  pist  n  53  or  a  projectile  such  as  a  bullet  (not  shown) 
may  be  chambered  in  the  barrel  and  accelerated  by  the 
hot  cases  cf  combustion  when  valve  37  is  opened. 

The  principal  advantage  of  the  FIGURE  2  embodi¬ 
ment  resides  in  the  in-line  arrangement  cf  the  valve  and 
the  bar: el  chamber.  Such  an  arrangement  is  'lore  suit¬ 
able  for  use  in  a  weapon  or  tool  havinc  the  conventional 
appearance  of  a  firearm.  In  the  FIGURE  2  embodiment, 
the  hot  gases  under  pressure  act  on  shoulder  43  to  initiate 
movement  of  the  valve.  In  the  FIGURE  1  embodiment, 
the  gases  act  dircctiy  on  the  end  of  ihc„vaivc.  It  is  there¬ 
fore  apparent  that  in  the  FIGURE  2  embodiment,  the 
problem  of  initially  sealing  the  valve  is  somewhat  moie 
difficult  since  there  is  a  problem  of  sealing  the  valve  at 
the  valve  seat  42  and  around  shoulder  43.  In  the  FIG¬ 
URE  1  embodiment,  gas  pressure  acls  initially  only 
against  the  valve  seat  7  and  this  is  the  only  area  where 
a  perfect  seal  is  required. 

Other  than  the  d. Terences  noted  above,  tbe  operation 
of  the  FIGURE  2  efice  is  identical  to  the  operation  of 
the  FIGURE  1  device  which  has  been  described  in  detail 

above. 


While  this  invention  has  been  described  in  detail  with 
rcfcicnce  to  certain  preferred  embodiments,  variations  in 
design  and  mechanical  modifications  are  contemplated 
which  are  within  the  spirit  and  scope  of  the  appended 

5  claims. 

What  is  claimed  is: 

1.  In  a  device  actuated  by  the  adiabatic  compression 
and  ignition  of  a  liquid  propellant  include  a  combustion 
chamber,  a  barrel  chamber,  a  valve  chamber  communi- 

10  eating  said  combustion  chamber  with  said  barrel  chamber, 
a  compression  piston  slidably  mounted  in  said  combustion 
chamber,  a  valve  scat  formed  between  said  valve  cham¬ 
ber  and  said  barrel  chan  ber,  a  valve  slidably  mouricd  in 
sa:d  valve  chamber,  said  valve  having  a  conical  nose 
15  no  . .on  normally  positioned  against  said  valve  seat  seal¬ 
ing  said  barrel  chamber  from  communication  with  said 
combustion  chamber,  spring  means  normally  urging  said 
nose  portion  of  said  valve  into  sealing  engagement  wiith 
said  valve  seat,  a  rearwardly  extending  stem  formed  inte- 
20  gral  with  said  valve,  and  snubber  means  mounted  in  said 
vaive  chamber  surrounding  said  stem  operative  to  buffer 
rearward  movement  of  said  valve  and  to  retain  said  valve 
in  an  open  position  for  a  predetermined  interval  of  time. 

2.  The  device  of  ciaim  1  further  including  an  inwardly 
23  tapered  portion  in  said  valve  chamber,  said  stem  extending 

into  said  tapered  portion  of  said  valve  chamber,  an  en¬ 
larged  guide  portion  formed  on  said  valve  between  said 
nose  portion  and  said  stem,  said  snubber  means  com¬ 
prising  a  resilient  plug  positioned  betwieen  said  stem  and 
30  the  tapered  portion  of  said  valve  chamber,  said  resilient 
plug  being  operative  to  buffer  the  rearward  movement  of 
said  valve  when  the  enlarged  guide  portion  engages  the 
plug  and  compresses  the  plug  into  the  tapered  portion  of 
the  valve  chamber  and  operative  to  retain  the  valve  in  a 
33  rearward  position  for  a  predetermined  interval  of  time  by 
compressing  inwardly  about  said  stem  as  the  plug  is  driven 
rearwardly  into  said  tapered  portion  of  said  valve  chamber. 

3.  The  device  of  claim  2  further  including  a  split  sleeve 
positioned  between  said  stem  and  said  plug,  and  a  disc 

40  positioned  between  said  enlarged  guide  portion  of  said 
valve  and  said  plug. 

4.  Tbe  device  of  claim  I  in  which  said  barrel  cham¬ 
ber  and  said  pisten  chamber  are  axially  aligned  relative 
to  one  another  and  said  combustion  chamber  is  positioned 

45  at  an  angle  relative  to  said  barrel  and  valve  chambers. 

5.  The  device  of  claim  1  in  which  said  valve  chamber, 
said  combustion  chamber,  and  said  barrel  chamber  are  dl 
arranged  at  an  ancle  relative  to  each  other  which  is  less 
than  a  straight  angle. 
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ABSTRACT  OF  TIIF.  DISCLOSURE 

A  liquid  propcllanl-aeliialcd  device  having  pump  means 
lo  deliver  a  charge  of  liquid  propellant  lo  a  combustion 
chamber  and  having  piston  means  in  the  combustion 
chamber  operable  lo  adiabalieally  compress  an  air-liquid  lj 
propellant  admixture  lo  obtain  ignition  of  the  latter. 

'I  rigger  means  operable  to  sequentially  actuate  first  the 
pump  and  secondly  the  piston,  and  cocking  means  to  cock 
both  the  pump  and  the  piston  prior  lo  actuation  by  the  ^ 
trigger  means. 


lie  propelled  itself  provides  a  seal  for  one  end  of  Ihc 
eomhuslion  chamber. 

It  is  yet  another  object  of  this  invention  to  provide  a 
device  of  the  character  described  having  means  operable 
rt  lo  move  a  piston  to  a  filing  position  in  Ihc  combustion 
chamber  while  also  moving  a  pump  actuator  lo  a  cocked 
position. 

It  is  still  another  object  of  this  invention  lo  provide  a 
device  of  the  character  described  having  trigger  means 
jo  which  is  opet able  on  single  actuation  lo  initially  permit 
the  pump  actuator  to  cause  the  pump  to  deliver  a  charge 
of  propellant  lo  the  combustion  chamber  and  subsequent¬ 
ly  permit  the  piston  to  compress  an  admixture  of  the  pto- 
pellanl  charge  and  air  in  the  combustion  chamber. 

Other  and  further  objects,  and  advantages,  and  fea¬ 
tures  of  this  invention  will  be  apparent  to  those  skilled 
in  the  art  from  the  following  descriptions  together  with 
the  appended  drawings,  in  which: 

FIGURE  I  is  a  side  view  of  a  firearm  embodiment  of 
this  invention: 

FIGURE  2  is  an  exploded  view  of  components  of  Ihc 
firearm  shown  in  FIGURE  I  which  aie  disposed  within 


This  invention  relates  to  a  device  which  is  actuated  by 
the  adiabatic  compression  of  a  liquid  propellant  confined 
in  a  combustion  chamber. 

It  is  known  that  an  admixture  of  certain  liquid  pio- 
pollants  and  air  can  be  eonipiessed  lo  a  very  small  volume 
with  the  heal  generated  bv  the  compression  of  the  air 
causing  the  piopellaut  to  ignite.  The  compression  ignition 
of  the  piopellaut  produces  high  pressure  gases  which  can 
be  directed  against  a  projectile  or  a  wotking  piston  to 
act  as  the  propelling  agent  (or  the  piojeetile  or  piston. 

Devices  which  utilize  a  compressible  air-liquid  pro¬ 
pellant  admixture  to  provide  a  source  of  energy  must 
include  a  compression-combustion  chamber  which  i-  suf¬ 
ficiently  pneumatically  sealed  to  be  capable  of  permitting 
enough  compicssion  lo  ignite  the  piopellaut.  and  must, 
furthermore,  prevent  mis  direction  of  the  high  ptessftre 
gases  piodiiccd  by  ignition.  The  eomhuslion  .chamber 
must  communicate  wish  one  face  ol  the  projectile  or 
piston  so  that  the  high  pressure  gases  mav  act  upon 
the  projectile  or  piston  to  propel  the  latter.  Such  a  device, 
desirably,  should  also  include  means  lot  sepal ately  dot¬ 
ing  and  delivering  small  charges  of  piopellaut  lo  the  eom¬ 
huslion  chamber,  thereby  permitting  use  of  the  device 
without  tcqniring  the  opetator  lo.  before  each  shot, 
transfer  a  chaige  of  piopellaut  to  the  combustion  cham¬ 
ber  from  a  separate  container  of  piopellaut  carried  by 
the  operator.  Moreover,  it  is  highly  rlesii  iblc  that  such 
a  dev  ice  include  Iriggeiing  means  wheiebv,  ImuIi  the  charge 
of  ptopcllanl  is  dclivcied  lo  the  combustion  chamber, 
and  the  piston  is  induced  to  compic's  the  charge  by  a 
single  actuation.  "I he  inclusion  of  such  a  (lingering  fea¬ 
ture  prevents  the  possibility  that  a  chaige  of  propellant 
could  he  delivered  to  the  combustion  chamber,  and  the 
device  then  set  aside  llicieby  leaving  the  propellant  chaige 
in  the  combustion  chatnbei.  I  Inis  Ihc  chance  ot  one  uu- 
k now inrlv  picking  up  a  "loaded  dcvkc  is  i  liminali  d. 

It  is.  therefore,  an  object  ol  this  invention  lo  provide 
a  liquid  pro|vll.inl-aetualed  device  ol  the  adiabatic  com¬ 
pression  Ivpc  having  means  lot  Mining  a  volume  ol  pio- 
pcllant  and  dclivciing  a  chaige  Ihetcol  lo  a  combustion 
chamber. 

It  is  a  fui  liter  object  of  this  invention  lo  pi  ovule  a 
device  of  the  character  desetibed  having  means  opciahle 
lo  piovide  a  substantially  airtight  seal  lor  the  com 
huslion  chamber  while,  at  live  same  time,  permitting 
communication  between  the  combustion  chamber  and  an 
object  to  lie  propelled  by  the  dev  ice.  7 

It  is  a  still  fm liter  object  of  this  invention  lo  provide 
a  device  of  the  character  desetibed  whcicin  the  object  lo 


the  receiver; 

FIGURE  3  is  a  horizontal  sectional  view  of  the  rc- 
23  ceiver  petition  of  the  firearm  showing  the  relative  position 
therein  of  the  various  components  shown  in  FIGURE  2 
with  the  boll  and  eomhuslion  chamber  being  removed  for 
purposes  of  dai  it> : 

FIGURE  4  is  a  sislc  sectional  view  of  a  pump: 

■7h  FIGURE  5  is  a  side  sectional  view  of  the  receiver 
showing  the  piston  in  the  filed  position  and  wherein  the 
digger,  bolt  sear,  and  pump  actuator  have  been  omitted 
for  purposes  of  clarity; 

I  IGURE  6  is  a  side  sectional  view  similar  lo  ITG- 
URF  5  showing  the  initial  phase  of  the  cocking  lever 
manipulation; 

I  IGURE  7  is  a  side  sectional  view  similar  to  FIGURE 
5  showing  the  piston  in  the  loading  position  with  a  pro¬ 
jectile  having  been  fed  into  the  combustion  chamber  and 
40  with  the  boll  having  been  disconnected  from  the  cocking 
lever; 

FIGURE  X  is  a  side  sectional  view  similar  lo  FIGURIi 
5  showing  the  piston  in  the  projectile-sealing  position; 

FIGURE  *)  is  a  side  sectional  view  similar  lo  I  IGURE 
’’  x  showing  the  initial  pita  -  of  returning  the  cocking  lever 
lo'ils  original  position  and  whcicin  the  bolt  is  again 
connected  lo  the  cocking  lever; 

FIGURE.  10  is  a  side  sectional  view  similar  to  FIG- 
r..  URF  S  showing  Ihc  piston  in  the  filing  po.ition: 

I  IGURE.  li  is  a  side  sectional  view  of  the  receiver 
showing  the  bolt  in  the  same  position  as  in  i  IGURI  5 
with  the  fust  camming  plate  being  partially  cut  away 
and  only  the  first  linking  lever,  the  pump  actuator,  the 
--  boll  scar,  anil  the  trigger  being  shown  for  purposes  of 
clatily: 

I  IgURE  12  is  a  side  sectional  view  similar  lo  I  IG¬ 
URI  II  showing  'lie  boll  in  Ihc  same  position  as  in 
I  IGURE  7;  and 

t  IGURE  1 3  is  a  side  sectional  view  simil  ir  lo  FIG¬ 
URE'  II  showing  the  boll  in  the  same  position  as  in 
I  IGURE  10  wilii  the  boll  seat  engaging  the  bolt. 

Retelling  now  to  l-IGURE  I.  an  embodiment  of  this 
invention  in  the  form  of  a  title  2  is  shown.  I  he  title  2 
(lr,  includes  a  hand  4,  a  receiver  pm  lion  6.  and  a  slock  X. 
the  foteaim  of  the  rille  2  has  been  removed  to  more 
clearly  show  a  pump  HI  which  contains  a  volume  of 
liquid  propellant  and  which  is  mounted  on  the  barrel  4 
by  means  ol  a  pair  of  brackets  12.  A  reciprocally  movable 
It  updating  rod  14  is  attached  to  the  pump  111  on  one 
hand  and  to  a  pump  actuator  16  which  protrudes  from 
the  receiver  6  and  which  is  disclosed  in  detail  hereinafter. 


.  ;  i  ' 


I 


is  20 


I  3 

A  tjil>ulac-condTTtr“W-  is  conncclcil  lo  llie  forward  end 
of  the  pump  10.  the  conduit  18  communicating  with  a 
combustion  chamber  ltd)  in  the  receiver  6  by  means 
of  a  port  19  in  the  wall  of  the  combustion  chamber  (see 
FIGURI-'S  5  and  10)  to  provide  means  whereby  a  r> 
Charge  of  liquid  propellant  can  be  transferred  from  the 
pump  10  to  the  combustion  chamber. 

HCi'.’KI:  2  is  an  exploded  view  of  the  component 
parts  of  the  preferred  embodiment  of  the  invention  which 
arc  housed  within  the  receiver  6.  A  cocking  lever  20  ]0 
having  a  bifurcated  end  portion  defining  a  pair  of  fotked, 
spaccd-apart  arms  22  and  24  is  pivotally  mounted  on 
the  receiver  6  by  means  of  a  pin  76  which  passes  through 
appropriate  apertures  in  the  receiver  walls  (not  shown) 
and  a  pair  of  apertures  28  and  30  disposed  in  the  arms  J5 
22  and  24  respectively.  A  first  linking  arm  32  having  a 
camming  surface  34  is  pivotally  connected  to  the  cock¬ 
ing  lever  arm  22  by  means  of  a  pin  36  which  passes 
through  a  pair  of  apertures  38  and  40  disposed  in  the 
lever  arm  22  and  the  linking  arm  32  respectively.  It  is 
noted  that  the  apcilurc  38  is  disposed  forwardly  of  the 
pivot  pin  26.  The  linkinc  arm  32  includes  a  first  laterally 
protracted  pin  42  which  extends  into  a  slot  44  cut  through 
a  first  camming  plate  46.  1  lie  slot  44  is  provided  with  a 
downwardly  sloping  camming  surface  48  and  a  down¬ 
wardly  cnlatged  portion  50.  The  camming  plate  46  is 
mounted  in  the  leceivci  6  by  means  of  a  pan  nl  puts 
52  and  53  which  pass  tluough  appioptiale  apcitures  in 
the  receiver  wall  I  not  shown)  and  through  a  pair  of 
spaccd-apart  apcitures  54  disposed  in  the  plate  46.  I  he 
linking  arm  32  further  includes  a  second  laterally  pro¬ 
tracted  pin  56  the  purpose  of  which  will  be  set  forth 
hereinafter. 

A  second  linking  arm  58  is  pivotally  connected  lo  the 
other  cocking  lever  atm  24  by  means  of  a  pin  60  which 
passes  through  a  pair  of  apcitures  62  and  64  disposed 
in  the  lever  arm  24  and  the  linking  atm  58  respectively. 

It  is  noted  that  the  lever  arm  aperture  62  is  disposed 
rearwardly  of  the  pivot  pin  26.  The  second  linking  arm 
5X  includes  a  first  laterally  protracted  pin  66  which 
extends  into  a  slot  68  cut  tluough  a  second  camming 
plate  70.  The  slot  68  includes  two  downwardly  sloping 
camming  mu  faces  72. and  74  at  opposite  ends  tlicteof 
and  further  includes  a  medial  downwardly  enlarged  por¬ 
tion  76.  I  he  second  camming  plate  70  is  mounted  in  the 
receiver  by  means  of  a  pair  of  apei  trues  78  I  only  one  of 
which  is  shown)  which  aie  coaxial  with  the  apcrttucs  54 
and  which  receive  the  pins  52  and  53.  It  is  noted  that  the 
camming  plates  46  anil  70  ate  disposed  adjacent  to  op¬ 
posite  sides  of  the  receiver  6.  The  second  linking  aim  58 
also  includes  a  second  Inlet  ally  protracted  pm  80  the 
purpose  of  which  is  set  forth  heieinafter. 

T  he  p'-iup  actuator  16  is  disposed  inwardly  adjacent^  to 


the  cocking  lever  arm  22  for  sliding  movement  within 
the  recei'.et  6.  I  he  pump  actuator  16  includes  a  pair  of 
elongated  slots  82  and  84  through  which  pass  the  pins 
53  .uni  2'*  respectively.  Ihe  pump  actu.iloi  16  fuilhcr 
includes  an  upwardly  extending  shoulder  86  at  one  end 
liicicol  and  a  Inlet  allv  K  ill  let  min  d  pot  lion  88  luvmg 
an  ap.ili  ie  'III  it  the  nllici  mil  thereof.  A  notili  ‘>2  is 
ml  upwaiilly  into  the  bottom  cd-c  ol  the  pump  actuator 
16  I  lie  pump  actuator  luillici  in.  hides  a  window  *>4 
has  in  •  a  downwaidly  sloping  c  miming  stil  l. ice  ‘>6  iheieur. 

A  bolt  e  II  '*8  is  disposed  innaullv  a  Ij.iccnl  lo  Ihe 
pump  actu.iloi  16  tor  pivotal  movement  about  a  pin  Uhl 
which  passes  through  an  aperture  W2  in  one  end  of 
the  Poll  seat  ‘18.  The  boll  scar  98  includes  a  laterally 
directed  liy  104  which  evlends  through  and  K  von.l  Inc 
window  9)  in  llie  pump  nclu.ilor  16.  An  upwaiilly  ex- 
ten  ling  tooth  IU6  is  disposed  on  the  upper  mu  face  of 
llie  bolt  sear  98,  and  a  downwardly  extending  spring  guide 
1118  is  disposed  on  llie  lower  surface  of  the  sear. 

A  generally  V-shaped  trigger  member  II#.  having  an 
apciliirc  112  for  pivotal  connection  to  th  •  pin  100.  is 
disposed  adjacent  to  the  bull  sear  98.  The  bigger  mem¬ 


ber  includes  a  forwardly  and  downwardly  extending  leg 
114  having  a  generally  oval  aperture  116.  A  later  ally 
extending  finger  118  having  an  upwardly  bent  terminal 
portion  120  is  positioned  at  the  lower  end  of  the  leg 
114.  Ihe  terminal  120  being  .substantially  coplanar  with 
the  pump  actuator  16. 

A  piston  assembly,  indicated  generally  by  the  numeral 
122.  is  mounted  in  llie  receiver  6  for  reciprocating  move¬ 
ment  therein.  The  pislon  assembly  122  includes  a  piston 
portion  124  and  a  head  or  bolt  portion  126  connected 
thereto.  The  pislon  portion  124  may.  for  convenience  in 
assembly,  be  screwed  into  the  front  face  of  the  bolt 
portion  126.  T  he  piston  portion  124  may  include  one  or 
more  gas  grooves  128  adjacent  the  forward  end  thereof  to 
increase  the  sealing  properties  of  the  piston.  The  holt  or 
head  portion  126  includes  a  pair  of  laterally  extended 
flanges  130  for  sliding  engagement  with  complementary 
shoulders  131  in  the  walls  of  the  receiver  fsec  FICi- 
LIKI  S  5-10).  A  downwardly  extending  transverse  shoul¬ 
der  132  is  formed  on  the  bottom  surface  of  the  bolt  126. 

A  first  notch  134  having  a  downwardly  and  forwardly 
inclined  camming  surface  136  is  cut  into  the  lower  edge 
on  one  side  of  the  bolt  126,  the  fits!  notch  134  extending 
tluough  the  rear  face  of  the  bolt  126.  A  second  notch 
138  having  a  closed  rear  face  140  is  cut  into  the  lower 
edge  of  the  other  side  of  the  bolt  126.  the  second  notch 
138  extending  through  the  front  face  of  the  holt.  The 
boll  126  fin  liter  includes  a  cylindrical  bore  142  for  the 
reception  of  a  spring  and  spring  guide  (sec  I:Ki- 
UKI  S  5  -10). 

Referring  now  to  1IO.  3.  the  various  components  re¬ 
ferred  lo  above  arc  shown  as  mounted  in  the  receiver  6 
with  the  piston  assembly  122  being  removed  for  purposes 
of  clarity.  A  bottom  plate  144  closes  the  bottom  of  Ihe 
receiver  6.  the  bottom  plate  having  a  slot  146  through 
which  the  trigger  III)  extends.  The  pump  actuator  16 
extends  through  a  slot  149  in  the  front  face  of  the  re¬ 
ceiver  6  and  the  laterally  Kent  terminal  portion  88  of 
the  pump  actuator  16  is  connected  to  the  pump  operat¬ 
ing  roil  14  by  means  of  a  screw  148.  A  spring  member 
152  is  disposed  in  a  well  150  in  the  front  face  of  the  re¬ 
ceiver  6.  T  he  spring  152  is  also  connected  lo  the  termi¬ 
nal  portion  88  of  the  pump  actuator  16  by  means  of 
llie  screw  148  lo  bias  the  pump  actuator  16  toward  the 
is  pump  10. 

I  liiCRT  I  discloses  an  cmbodimciil  of  a  pump,  indi- 
calcd  generally  by  the  numeral  It),  which  can  be  utilised 
with  this  invention.  The  pump  includes  a  hollow-  bousing 
member  II  having  an  aperture  13  in  one  end  through 
which  Ihe  conduit  18  passes.  A  container  15  for  a  vol¬ 
ume  of  liquid  propellant  17  is  disposed  'n  housing  II. 
the  container  15  having  a  movable  end-wall  member  21 
therein.  The  volume  of  liquid  propellant  17  is  main¬ 
tained  at  a  substantially  constant  pressure  by  means  of 
S5  rod  23  which  hears  against  the  end-wall  member  21. 
the  rod  23  being  slidably  housed  ill  a  guide  25  and  biased 

10  the  light  hv  a  spiing  men  -el  27.  \  cvlindcr  29  bav¬ 
in-  a  piston  31  slid  ablv  mounted  therein  is  disposed  ad¬ 
jacent  lo  the  propellant  container  15.  The  pump  oper- 

,ai  atilt”,  nil  II  is  i  igiillv  alii  veil  lo  the  piston  31  to  elfeel 
movement  of  the  piston  within  the  cylinder  29.  I  liml 
communication  between  the  container  15  and  the  cvl¬ 
indcr  29  is  established  hv  means  of  a  one-wav  check  valve 
33  having  a  head  member  35  which  is  biased  downwaidly 
|iy  .|ii in-  37.  The  sides  and  hollom  of  the  valve  33 
are  p  rforaled  to  permit  the  propellant  to  flow  therc- 
thion-li.  I  lie  conduit  18  communicates  with  the  cvlindcr 
24  ilii.-igh  a  one  way  check  valve  39  in  Ihe  form  of  a 
iiilienl  K  si  v  of  rubber  or  the  like.  The  valve  39  in  - 

1 1  tides  a  conical  poition  41  having  a  plurality  of  fingers 
formed  therein  by  means  of  a  number  of  radially  extend¬ 
ing  cuts  in  a  known  manner. 

T  he  pump  It)  operates  in  the  following  manner.  As 
is  readily  apparent  from  I  ICillRI-'  4,  when  the  piston 
31  is  moved  lo  the  left,  the  pressure  within  the  cylinder 
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29  falls!  'I  lie  >  al\.c  3.'  is  such  llinl  when  the  picssttrc  in 
I  lie  cyrlinilcr~29~~f.Tlls~hclinv  a  preslclcrmincd  valve,  the 
valve  head  .15  is  moved  ripvv  irdly  against  the  action  of 
the  sprine  .17  hv  the  pressure  in  the  container  15  to  per¬ 
mit  the  propellant  to  llovv  from  the  container  15  into 
the  cylinder  29.  At  the  same  lime,  the  drop  in  pressure 
within  the  cylinder  29  causes  the  valve  .19  to  close  by 
collap.ini:  the  resilient  linnets  against  each  other.  When 
the  piston  .11  is  driven  to  the  lieltl.  the  pivssme  within 
the  cylinder  29  increases.  The  increase  in  pressure  causes 
the  valve  .1.1  to  close  and  the  valve  .19  to  open.  Thus  the 
propellant  is  drawn  from  the  container  15  into  the  cyl¬ 
inder  29  by  moving  the  piston  51  to  the  left,  ami  the 
propellant  is  then  expelled  front  the  cylinder  29  into  con¬ 
duit  IS  by  moving  the  piston  .11  to  the  right.  It  is  noted  j 
that  when  the  pressure  within  the  cylinder  29  increases 
above  a  predetermined  value,  the  resilient  fingers  on  the 
valve  .19  ire  forced  apart  and  the  valve  is  thus  opened. 

FICiL'RFS  5-10  disclose  the  operation  of  the  cocking 
lever  20  to  ready  the  piston  assembly  122  of  the  fire¬ 
arm  for  firing,  l-'or  purposes  of  clarity,  the  boll  scar 
98.  the  pump  actuator  16.  and  the  trigger  110  have  been 
removed  from  the  receiver  A.  As  is  shown  in  I  Kit  IRI  S 
J- It*,  the  barrel  4  has  a  threaded  portion  154  which  is 
screwed  into  a  threaded  apertute  156  in  the  fionl  wall 
of  the  receiver  6.  A  part  158  of  the  barrel  4  extends  be¬ 
yond  the  threaded  portion  154  and  into  the  receiver  6 
to  define  a  combustion  chamber  160.  It  is  noted  that  the 
propellant  conduit  18  communicates  with  the  combustion 
chamber  16  through  a  port  19. 

In  FIGURE.  5.  the  piston  124  is  shown  in  the  fired 
position  with  the  boll  126  being  urged  into  its  forward- 
most  position  in  the  receiver  6  by  means  of  a  spring  162 
di-posed  about  a  spring  guide  164.  which  is  mounted 
in  a  recess  166  in  the  tear  wall  of  the  receiver.  Roth 
the  spring  162  and  spring  cuide  164  extend  into  the 
cvlindrical  bore  142  in  the  boll  126.  I  he  cocking  lever 
20  is  shown  in  its  notntal  position  with  the  first  pin  42 
on  the  first  linking  atm  .12  being  disposed  in  the  for- 
wardmost  portion  of  the  slot  44  in  the  first  camming 
plate  46  the  second  pin  56  on  the  lit -t  linking  arm  .12 
is  disposed  forwardly  adjacent  to  the  transverse  sltoill- 
der  152  on  the  bolt  126.  The  first  pin  66  on  the  second 
linking  arm  58  is  disposed  adjacent  the  camming  sur¬ 
face  74  in  the  rearward  portion  of  the  slot  68  in  the 
second  camming  plate  70. 

A  projectile  magazine  168  is  shown  partially  cut  away, 
the  projectile  magazine  168  extending  through  an  aper- 
tute  170  in  the  receiver  bottom  plate  144.  and  through 
an  apetlnre  172  in  the  wall  of  the  combustion  chamber 
160.  with  the  magazine  168  being  removably  connected 
to  the  plate  144  in  tiny  known  manner.  A  plurality  of 
projectiles  174  arc  disposed  in  the  magazine  168.  the 
projectile  174  being  urged  upwardly  toward  the  com¬ 
bustion  chamber  160  by  a  follower  member  176  biased 
upwardly  by  a  spring  178  disposed  in  the  magazine  168. 
It  is  noted  that  the  uppermost  projectile  in  the  maga¬ 
zine  168  is  urged  into  contact  with  the  side  of  the  pis¬ 
ton  124  when  the  latter  is  in  the  tiled  position. 

t  It  it  I  III  6  shows  the  initial  stares  o!  the  tbsl  sock- 
iif  movement  of  the  cockim*  level  20  1 1  is*  rockin"  level 
20  is  pivoted  in  a  connlct  clockwise  dilcclion  about  the 
pin  26  thricbv  pushing  the  liisl  linking  aim  52  rear- 
vvardlv  and  pulling  the  second  linking  atm  58  forwatdlv 
in  the  receiver  6  I  lie  first  pin  42  on  the  linking  atm  52 
moves  re.ovvardlv  in  the  slot  44  in  the  first  camming 
plate  46  and  the  second  pin  56  moves  truivvaidlv  into 
engagement  with  the  li.ue.vctse  shoulder  152  on  the  bolt 
126.  f  onlinucd  pivoting  ol  the  cocking  lever  20  thus 
moves  the  boll  126  rc.irvvurdly  in  the  receiver  6  and  the 
piston  124  ream  unity  in  the  combustion  chamber  160. 
Kearvvatil  movement  of  the  boll  126  in  the  receiver  6 
thus  vtsmpicssgs  lire  spting  162.  Is  the  first  pin  f»6  on 
the  se.  »itd  linking  arm  58  moves  foiwatdlv  through  the 
slot  68  in  the  second  camming  plate  70.  Ilf  second  pin 
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80  contacts  the  rearwardly  moving  boll  126  and  is  down¬ 
wardly  displaced  into  the  downwardly  enlarged  medial 
portion  76  of  the  slot  68.  thereby  permitting  the  bolt 
126  to  slide  rearwardly  past  the  pin  80. 

FIGURE  7  shows  the  pislon  124  in  the  loading  posi¬ 
tion  wherein  the  piston  124  has  been  moved  rearwardly 
in  the  combustion  chamber  160  sufficiently  to  permit 
the  uppermost  projectile  174  to  be  moved  lip  into  the 
combustion  chamber  160  in  fionl  of  the  piston  124.  'I  lie 
cocking  lever  20  has  been  pivoted  to  its  extreme  counter¬ 
clockwise  position  causing  the  first  pin  42  on  the  first 
linking  arm  52  to  engage  the  camming  surface  48  at  the 
rear  of  the  slot  44.  The  engagement  between  the  pin  42 
and  the  camming  surface  48  causes  the  linking  arm  52 
to  pivot  downwardly  about  the  pin  56  thereby  disengag¬ 
ing  the  second  pin  56  from  the  transverse  shoulder  132 
on  the  holt  126.  Ihc  boll  126  is  thi  s  free  to  be  driven 
forwardly  in  the  receiver  6  by  the  spring  162.  As  shown 
in  ITCUKK  7,  the  holt  126  has  just  begun  its  forward 
movement  in  the  receiver  6.  It  is  noted  that  the  first 
pin  66  on  Ihc  second  linking  arm  58  has  engaged  the 
camming  surface  72  on  the  fiont  portion  of  the  slot 
63  thereby  moving  the  second  pin  80  downwardly  out 
of  ihc  path  of  the  foiwarslly  moving  boll  126. 

I  IliUKIi  8  shows  the  piston  124  in  the  piojcctile- 
scating  position.  The  boll  126  has  been  driven  forward 
by  the  spring  162  thereby  moving  the  pislon  124  and 
projectile  forward  in  the  combustion  eliambci  160.  Ihc 
pislon  124  drives  the  projectile  174  against  an  inwardly 
extending  frusto-conical  shoulder  180  at  the  forward  end 
of  the  combustion  chamber  160.  the  projectile  174  there¬ 
by  effecting  a  substantially  air-tight  seal  with  the  shoulder 
180.  to  scaling  the  front  end  of  the  combustion  cham¬ 
ber  160. 

FIGURE  9  shows  the  initial  phase  of  the  second  cock¬ 
ing  movement  wherein  the  cocking  lever  20  is  returned 
to  its  normal  position.  The  cocking  lever  20  is  pivoted 
in  a  clockwise  direction  about  Ihc  pin  26  thereby  push¬ 
ing  second  linking  arm  58  rearwardly  and  pulling  Ihc 
liisl  linking  arm  32  forwardly  in  the  receiver  6.  As  the 
second  linking  atm  58  moves  rearwardly  in  the  receiver 
6.  the  first  pin  66  thereon  moves  rearwardly  and  up¬ 
wardly  in  ihc  camming  poilion  72  of  Ihc  slot  68.  'Ihc 
second  pin  80  on  the  second  linking  arm  58  is  thus 
moved  rearwardly  and  upwardly  into  engagement  with 
the  rear  face  140  of  the  second  notch  138  on  the  bolt 
126.  (  onlinucd  rearward  movement  of  the  pin  80  causes 
the  boll  126  to  move  rearwardly  thus  compressing  Ihc 
spring  162.  Forward  movement  of  the  lust  linking  arm 
32  •causes  Ihc  first  pin  42  thereon  to  move  foiw.inlly 
through  the  slot  44  in  Ihc  fiisi  camming  plate  46.  and 
also  causes  forward  movement  of  the  second  pin  56  there¬ 
on.  As  the  second  pin  56  moves  forward  through  the 
receiver  and  Ihc  holt  126  moves  rearward  through  the 
receiver.  Ihc  second  pin  56  is  brought  into  contact  with 
llw  camming  surface  136  on  the  bolt  notch  134.  Ihc 
liisl  linking  arm  32  is  thus  il.’llcclcd  downwardly  by 
ills’  camming  surface  136  with  the  first  pin  42  moving 
into  tlie  diiwnwanllv  enlarged  poition  511  ot  ills’  slot  44 
'Ills’  holt  I2(t  anil  the  liisl  link  ini*  arm  32  Mills  clear  each 
oths’i  as  they  mi*ve  in  opposite  iliiections  in  the  leiciiet  6 
I  IGURF  10  shows  the  piston  124  in  Ills'  tiring  posi¬ 
tion  with  the  cocking  lever  20  having  been  returns'll  to 
its  normal  position.  The  linking  aims  32  ansi  58  have 
he'  n  returned  to  Ihcii  oiipinal  positions  as  shown  in  I  l(  •- 
t'RF  5.  It  is  noleil  that  Ills’  second  pin  8fl  on  Ills’  sec¬ 
ond  link. ins*  arm  58  lias  been  moved  downwanlly  suit 
of  eii'Mgs inenl  with  the  rear  face  140  of  the  boll  no'sli 
138  In  a  ilownward  camming  movement  of  the  first  pin 
60  as  it  engages  the  rearwaisl  camming  portion  74  of 
Ills-  slot  68  Flic  front  end  of  the  piston  124  is  disposed 
forwardly  of  the  magazine  aperture  172  ansi  provides  a 
siibst  mtiallv  air  lirlil  seal  at  the  rear  of  the  combustion 
chamber  160  It  is  noted  lint,  in  Ills’  filing  position.  Ills’ 
propellant  port  19  is  between  the  scaled  projectile  174 
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and(/m  f r — oj  the  pislon  124.  1  lie  bolt  126  is 

rclrnsably  latched  in  Use  po-ilion  shown  in  I  ICiURli  10 
by  the  bolt  sc:ir  98  ;is  hereinafter  described. 

I  IfilMJI  S  11-13  show  the  operation  of  cocking  the 
punip  actuator  16  and  the  interrelation  between  the  bolt 
126.  the  holt  scar  9H.  the  tripper  110.  the  pump  actuator 
16  and  the  lirst  linking  arm  32.  In  I  ICiURItS  11-13, 
portions  of  lire  receiver  6.  lire  boll  126.  the  cock  inn 
lever  20.  and  the  lirsi  camming  plate  46  have  been  cut 
avvav  for  ptuposcs  of  clarity.  In  nddit.on.  the  second 
camming  plate  70.  the  second  linking  arm  5S.  the  pis¬ 
ton  124.  and  the  combustion  chamber  160  have  been 
omitted  for  clarity. 

In  I  IC.IIRF.  It  the  bolt  126  is  in  the  same  position 
as  shown  in  HGURF  5.  The  pump  actuator  16  is  in 
driven  position  ami  is  biased  thereto  by  the  spring  I5-. 
The  laterally  directed  tup  104  on  the  bolt  sear  9X  is  in  cn- 
gngement  with  the  camming  surface  96  on  the  pump  ac¬ 
tuator  window  94  thus  causing  the  bolt  scar  98  to  pivot 
about  the  pin  100.  against  the  bias  of  a  spring  182  and 
out  of  engagement  with  the  bolt  126.  'I  he  upwardly  bent 
terminal  portion  120  on  'he  laterally  extending  trigger 
linger  lit  engages  the  lower  surface  of  the  pump  actu¬ 
ator  16  thus  pivoting  the  trigger  I  Ml  about  the  pin  MIO 
arainst  the  bias  of  a  blade  spring  184. 

I  KillRF  12  shows  the  bolt  126  in  the  same  position 
as  in  I  MtllRF  7.  As  live  bolt  126  is  moved  from  the 
pi.  it !<<n  la  FIGIIRF  II  to  the  position  in  I  IGURF  12. 
the  tear  face  of  the  boll  126  engages  the  upwardly  ex¬ 
tending  shoulder  86  on  the  pump  actuator  16  and  the 
latter  is  cocked  by  moving  rearw.irdly,  compressing  the 
spring  152.  The  pump  actuator  16  is  moved  sulliciently 
to  the  rear  to  permit  the  terminal  12(1  on  the  trigger 
fincer  IIS  to  pivot  upwardly  into  the  notch  92  in  the 
pump  actuator  16  under  the  influence  of  the  spring  184. 
Rearward  tovemcnl  of  the  pump  actuator  16  moves  the 
camming  surface  96  on  the  pump  actuator  window  94 
out  of  engagement  with  the  holt  sear  lug  104.  hut  the 
latter  is  then  engaged  by  the  camming  surface  34  on 
the  linking  arm  32  to  continue  to  bold  t he  bolt  sear  98 
out  of  engagement  with  the  holt  126. 

I  Kil.lKF.  13  shows  the  holt  in  the  same  position  as 
in  1  If  il' 1st  l(»  with  thg  lirst  linking  arm  32  having  been 
relumed  to  its  normal  position.  The  pump  actuator  16 
is  retained  in  a  cocked  position  hv  engagement  between 
the  trigger  linger  terminal  120  and  the  wall  of  the  pump 
actuator  notch  92.  The  pump  actuator  window  camming 
surface  ‘>6  is  thus  rear vv.udly  spaced  apart  ftom  the 
boll  sear  lug  104.  Since  the  lit  si  linking  aim  32  Iras  re¬ 
lumed  to  its  normal  position,  the  boll  sear  98  is  flee 
to  rivot  under  llte  influence  of  the  spring  182  in  a  counter¬ 
clockwise  direction  about  the  pin  100  thereby  bring  the 
bolt  sear  tooth  106  into  engagement  with  the  It  insversc 
holt  shonhler  132.  thus  seating  the  boll  126  in  the  fir¬ 
ing  position. 

The  fhcarm  is  filed  by  manually  pnlbng  the  nigger  110 
in  a  clockwise  direction.  The  trigger  finger  terminal  12° 
is  lints  moved  downw.udly  out  of  engagement  with  the 
pump  aeiualoi  notch  9;  and  the  pump  actuator  16  moves 
to  the  i i-ht  under  the  influence  of  the  -pun"  152  The 
pinup  10  is  thus  can  d  lo  dclivci  a  shut  re  ol  liquid 
propellant  lo  the  combustion  slumber  160.  \l  the  end 
of  the  forward  eliokc  of  die  pump  aelunlor  16.  llv  pump 
aelu aior  window  camming  surface  **6  cnga'vs  the  bolt 
sear  lu--  16  4  causiii-  die  sear  9h  to  pivot  ilow nv. ardly 
di-etu  a—'ii—  ibr  loolli  106  fioin  the  boll  shoulder  132  I  be 
boll  126  i.  llieii  free  lo  li.ivrl  foiwaid  uiulci  I  lie-  iiilllienee 
of  die  s|>iin"  162.  Iberebv  dtiving  the  piston  124  foiwaid 
•  liioii  'li  ilie  eombiisiioii  sli.unlvr  160  in  cnmpiess  the  ad- 
iniMuie  of  air  and  pi  op.  II. ml  and  ignite  die  latter. 

A  piopellanl  which  mav  be  used  with  this  invention  is 
a  inixluic  of  6ttfr  ctbvl  nitrate  and  4ll*r  n-ptopyl  nitrate. 
The  i'uition  piessnre  of  ibis  piop-Tkinl  at  ambienl  lem- 
peralure  is  above  500  p  s  i.,  dicrefoic.  llv*  sealevl  piojcc- 
tile  and  the  pislon  must  provide  a  sufficiently  air-tight 
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seal  to  reach  such  a  pressure  when  the  piston  is  driven 
forward.  Aflcr  ignition,  the  prcssuics  in  the  combustion 
chamber  aic  exceedingly  high,  the  exact  prcssuics  depend¬ 
ing  on  die  charge  and  particular  propellant.  The  result 
of  this  sharp  increase  in  pressure  is  that  the  piojcctilc  is 
expelled  front  the  combustion  chamber  through  the  barrel. 

Il  is  thus  readily  apparent  that  this  invention  advan¬ 
tageously  provides  a  device  which  includes  a  pump  for 
sloiing  and  delivering  a  charge  of  liquid  piopcll.nil  lo  a 
combustion  chamber  wherein  an  admixture  of  air  ami 
propellant  is  ignilcd  by  adiabatic  compression.  Moicovcr, 
this  invention  provides  a  single  tiiggciing  means  for 
sciially  actuating  the  pump  and  compression  means  in  an 
irreversible  sequence  so  that  once  the  trigger  is  pulled  lo 
actuate  the  pump.  Ibe  compression  of  die  air-liquid  pio- 
pcllanl  admixture  automatically  follows. 

Since  many  changes  and  vaiial'ons  of  the  disclosed  em¬ 
bodiment  of  this  invention  may  he  made  without  depart¬ 
ing  front  the  inventive  concept,  it  is  not  intended  lo  limit 
the  invention  otherwise  than  as  required  by  the  appended 
claims. 

What  is  claimed  is: 

1.  In  a  liquid  propellant-actuated  device  having  a  com¬ 
bustion  chamber,  pump  means  opci.iMo  lo  deliver  a 
chaigc  of  liquid  piopellanl  lo  die  coinl'iistion  chanilvi, 
ami  spiing  loaded  pislon  means  movably  mounted  in  die 
combustion  chamber  lo  coinpicss  and  ignite  an  admixture 
of  air  and  piopellanl.  the  improvement  composing: 

(a)  a  cocking  lever  connected  to  said  device  for  piv¬ 
otal  movement  fiom  a  first  position  lo  a  second  posi¬ 
tion  ami  return; 

(bl  first  linking  incans  movably  connected  to  said 
cocking  lever  for  releasable  engagement  "iili  said 
piston  means  ami  operative  lo  move  said  piston 
means  from  a  filed  position  lo  a  loading  po.iiioit 
when  said  cocking  lever  is  moved  from  said  liisl 
position  lo  said  second  position: 

(e)  second  linking  means  movably  connected  lo  said 
locking  lever  for  iclcasablc  engagement  vvi’h  s.  id 
piston  means  and  operative  to  move  said  piston  meins 
from  a  projectile-sealing  position  lo  a  filing  posi¬ 
tion  when  said  cocking  lever  is  moved  from  said  sec¬ 
ond  position  lo  said  first  position:  and 

fill  means  connected  lo  said  device  operative  lo  dis¬ 
engage  said  liisl  linking  means  from  said  pislon  means 
when  the  lallcr  is  in  s.ii,l  loading  position,  and  opcia- 
livc  lo  disengage  said  second  linking  means  fiom 
said  pislon  when  the  lallcr  is  in  s.ii,l  filing  position. 

2.  In  a  liquid  piopell.iiil  aelnalevl  device  having  a  com¬ 
bustion  chamber,  pump  means  opeiable  lo  dclivci  a 
charge  of  liqn  1  propellant  lo  the  combustion  ebanilver, 
and  spiing  lo..  J  piston  means  movably  mounted  in  the 
combustion  chamber  to  coinpicss  and  ignite  an  admixture 
of  ait  and  propellant: 

(a)  a  cocking  lever  connected  to  said  device  for  piv¬ 
otal  movement  between  a  fitxt  position  and  a  second 
position; 

(bl  linking  means  connected  lo  said  cocking  lever  for 
iclcasablc  engagement  wiili  said  piston  means,  said 
linking  means  being  opcialivo  to  initially  move  said 
piston  means  fiom  a  lin'd  positi.  •  o  a  loading  posi¬ 
tion  when  saivl  cocking  lever  •  moved  ftom  sii>! 
fust  position  to  said  second  pos-  -on.  and  sjivl  link¬ 
ing  means  being  opctalivc  lo  subsequently  move  saivl 
piston  means  from  a  projectile  sealing  position  to  a 
firing  position  when  saivl  eovking  lever  is  icliiincd 
fiom  saivl  second  position  lo  saivl  I'll  si  position. 

(c)  means  opctalivc  lo  disengage  a  liisl  poition  of  -  aid 
linkiii”  means  from  saivl  pislon  means  vvlu  n  the  lallcr 
is  in  saivl  losivlinc  position,  and  lo  disengage  the  ic- 
iiiaimler  of  saivl  linking  means  fiom  saivl  piston  means 
when  the  latter  is  in  saivl  tiring  position: 

(d)  scar  means  for  rcleasahly  ictaining  saivl  piston 
means  in  saivl  firing  position; 

(el  <\  pump  actuator  connected  lo  said  pump  means. 
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s;iiit  pump  actuator  I’cinji  movable  between  a  cocked 
position  and  a  diivcn  position  to  operate  said  pump 
— ■ 'meHm-.'SauTpTtmp  actuator  including  a  portion  for 
engagement  with  said  piston  means  whereby  move¬ 
ment  of  said  piston  means  to  said  loading  position 
results  in  movement  of  said  pump  actuator  to  said 
cocked  position; 

(f)  biasing  means  connected  to  said  pump  actuator  to 
urge  the  latter  toward  said  driven  position; 

(g)  trigger  means  for  rclcasahly  retaining  said  pump  ,0 
actuator  in  said  cocked  position  against  the  action 

of  said  biasing  means;  and 

(h)  camming  means  for  engagement  with  said  scar 
means  when  said  pump  actuator  is  in  said  driven 
position,  said  camming  means  being  operative  to  dis-  jr, 
connect  said  scar  means  from  said  piston  means 
thereby  causing  the  latter  to  be  driven  to  said  fired 
position  after  operation  of  said  pump  means. 
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3.  The  device  as  defined  in  claim  I  or  2,  further  com¬ 
prising  magazine  means  communicating  with  said  com¬ 
bustion  chamber  for  automatically  feeding  ones  of  a 
plurality  of  projectiles  into  said  combustion  chamber 
when  said  piston  means  is  in  said  loading  position. 

References  Cited 
lINITEIi  STATES  PATENTS 


1.I74.X40  3/1916  Fisher _ _ _ X9— 7 

1.3X3. 1 1 1  6/1921  Hall  ct  al. . . . X9— 7 

2,947,221  8/1960  Grinin  cl  al. _ _ .89—7 


SAMUEL  W.  ENGLE,  Primary  Examiner 
U.S.  Cl.  X.R. 

X9— 33 


THE  BDM  CORPORATION 


U.S.  FIRM  PATENTS 


Patent  Number:  2,981,153 
Author:  E.  J.  Wilson,  Jr.,  et  al 

Title:  Fuel  Injection  Device 

Date:  April  25,  1961 

Patent  Number:  4,148,245 

Author:  Robert  D.  Steffanus,  Pittsburg,  PA;  David  R.  Anderson,  Pittsburg,  PA 

Title:  Fluid  Propellant  Projectile  Firing  Device 

Date:  April  10,  1978 


April  25,  1S6! 


E.  J.  WILSON,  JR„  ETAL 
FUEL  INJECTION  DEVICE 


2,981,153 


25,  1961 


E.  J.  WILSON,  JR.,  ET  AL 
FI  EL  INJECTION  DEVICE 


2,981,153 


i  Ncv.  14,  1952 


2  Sheets-Sbeet  2 


Fig-  3 


thVEXTOK 
co _ /«  iJ/J. IL 


United  States  Patent  Office 


2, 881,153 

Patented  Apr.  25,  1961 


1 


2,981,153 

FUEL  INJECTION'  DEVICE 

□wood  J.  Wilson,  Jr.,  and  Barnard  A.  Niemeirr,  Rich* 

mood,  Vjc,  assignors  to  Texaco  Experiment  Incorpo¬ 
rated,  a  corporation  of  Virginia 

Filed  Nor.  14, 1952,  Ser.  No.  320,438 
14  Claims.  (Cl.  89— 7) 

This  invention  relates  to  improvements  in  the  injection 
oi  fuel  into  combustion  chambers  wherein  combustion 
pressure  is  utilized  to  inject  the  fuel  into  the  rombustion 
chamber.  The  invention  is  particularly  useful  in  the  f.cid 
of  liquid  fuel  guns  and  launchers. 

A  principal  object  of  the  invention  is  the  provision  of 
improved  means  for  injecting  fuel  into  combustion 
chambers. 

An  important  object  of  this  invention  is  to  provide 
means  v  hereby  all  the  advantages  that  should  accom¬ 
pany  c  gun  actuated  by  hquid  prcp£u.at3  may*  bs  real¬ 
ized!. 

Another  object  of  this  invention  is  to  provide  means 
whereby  liquid  propellant  may  be  introduced  into  a  gun 
in  an  almost  continuous  flow,  and  automatically  and  re¬ 
peatedly  be  injected  into  the  combustion  chamber  by 
meats  of  a  device  which  utilizes  the  combustion  pressure. 

A  further  ooject  of  this  invention  is  to  provide  a  me:  ns 
of  fuel  injection  which  is  simple  and  conducive  to  very 
rapid  rates  of  fire. 

Other  objects  and  advantages  of  the  invention  will  be¬ 
come  apparent  during  the  course  of  the  following  de¬ 
scription.  in  which  the  princHes  of  the  invention  r.e 
more  particularly  described  in  their  application  to  liquid 
fuel  guns. 

The  basic  concept  of  a  liquid  fuel  gun  is  characterized 
by  its  simplicity.  Fundamentally,  the  gun  consists  of  a 
mechanism  for  propelling  projectiles  from  a  tube  or  bar¬ 
rel  by  means  i-f  the  pressure  resulting  from  the  combus¬ 
tion  of  a  liqu.d  oxicizer  and  a  liquid  fuel  injected  into 
the  breech  of  the  tubs.  The  liquids  employed  are  usual¬ 
ly  bypergolic  in  nature,  i.e.  self-igniting,  and  ibe  desira¬ 
ble  combinations  are  those  which  yield  high  tempera¬ 
tures  upon  combustion  and  whose  combustion  products 
possess  low  molecular  weights.  As  a  result  of  the  suc- 
cessf*.  1  application  of  certain  bypergolic  combinations, 
bydiogen  peroxide  and  hydrazine  for  example,  it  has  be¬ 
come  apparent  that  the  liquid  propellent  gun  can  be  vast¬ 
ly  superior  to  the  conventional  powder  actuated  gun  for 
m.tny  military  applications.  Among  the  primary  advan¬ 
tages  in  the  use  of  liquids  instead  of  double  base  nitro¬ 
cellulose  powders  for  the  launching  of  missiles  are  the 
ability  to  achieve  control  over  the  burr;.,g  rate  of  the 
charge,  which  ultimately  results  in  the  elimination  of  un¬ 
desirable  peak  chamber  pressures,  and  to  effect  a  con¬ 
siderable  sav  ng  in  gun  bulk.  In  addition,  the  higher 
propellant  impetus  possible  with  some  liquid  fuels  by 
reason  of  lower  molecular  weights  of  the  product  gas 
and  greater  heats  of  combustion  lowers  tie  charge  to 
mass  ratios  for  a  specific  muzzle  velocity.  This  Utter 
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factor  is  influential  in  easing  the  problem  of  handling 
huge  quantities  of  charge  when  extremely  high  muzzle 
velocities  are  desired.  Moreover,  the  maximum  muzzle 
velocities  obtainable  with  liquid  fuels  are  greater  than 
5  for  the  conventional  powder  propellants. 

Prior  to  this  invention  liquid  powered  guns  had  been 
limited  to  a  single-shot  mechanism.  Moreover,  injec¬ 
tion  of  the  hypergoiic  components  into  the  combustion 
chamber  could  be  accomplished  only  by  utilizing  the 
10  gaseous  pressure  obtained  by  firing  an  auxiliary  solid 
propellant  charge.  This  resulted  in  the  loss  of  many  of 
the  advantages  that  a  liquid  system  should  offer.  For 
example,  the  use  of  liquids  implies  the  elimination  of 
shell  casings  and  attendant  cost  and  handling  problems. 
15  The  externally  pressurized  gun,  referred  to  above,  still 
involved  these  impediments.  Moreover,  it  is  doubtful 
whether  any  effective  control  could  be  achieved  ovir  the 
injection  rate  and  consequent  pressure-time  relationships 
in  the  combustion  chamber  when  injection  is  dependent 
20  upon  external  pressurization.  These  defects  are  over¬ 
come  and  many  more  oi  the  potential  ad'  antages  of  a 
liquid  system  are  realized  by  the  present  invention. 

The  invention  may  be  briefly  summarized  as  compris¬ 
ing  the  regenerative  utilization  of  combustion  pressure 
25  resulting  from  the  injection  and  reaction  cf  fuels. 

In  the  accompanying  drawings  which  form  a  part  of 
th:s  specification: 

Fig.  1  is  a  cross-sectional  view  of  a  37  mm.  liquid 
fuel  gun  embodying  the  principles  of  the  invention; 

30  pig.  2  is  a  fragmentary  sectional  view  of  an  injector 
unit  wherein  a  valving  effect  is  an  inherent  function  of 
the  moving  piston;  and 

Fig.  3  is  a  cross-sectional  view  of  a  liquid  fuel  gun 
Laving  a  recmlless  feature  wherein  the  means  for  the 
25  initiation  of  the  fust  firing  and  the  means  for  mainte¬ 
nance  of  subsequent  firing  are  the  same. 

The  basic  features  of  the  invention  may  be  observed 
in  quasi-schematic  ferm  by  reference  to  Fig.  1,  which 
represents  a  37  mm.  gun.  A  barrel  or  tube  4  is  affixed 
*0  to  a  gun  block  5  ari  a  means  is  provided  (not  shown) 
whereby  projectiles  may  be  quickly  inserted  in  the  breech 
end  of  the  block.  Conventional  features  of  this  gun  such 
as  barrel,  projectile  loader,  breech,  etc.,  are  unrelated  to 
the  problem  of  propellant  injection  and  the  design  of 
45  these  secondary  components  can  take  any'  standard  form 
depending  on  the  caliber  and  gun  performance  desired. 
A  combustion  chamber  6  is  located  in  the  block  and  two 
opposed  piston-cylinder  propellant  injectors  7  are  inserted 
into  side  openings  communicating  with  the  chamber. 
50  The  required  amounts  of  liquid  fuel  and  oxidant  are 
placed  in  their  respective  injectors.  With  the  generation 
of  an  initial  pressure  pulse  in  the  combustion  chamber, 
in  this  instance  provided  by  pilot  injection  of  small 
amounts  of  the  bypergolic  components  by  means  of  a 
55  mechanical  feed  9,  the  injection  cycle  is  commenced. 

In  Fig.  1  the  injector  is  shown  with  members  displaced 
in  the  loaded  state  consisting  of  movable  pistons  10  hav¬ 
ing  a  large  area  exposed  to  the  combustion  zone  and 
designated  the  combustion  face  11.  A  smaller  area  ex- 
69  poscu  to  a  metered  volume  of  propellant  in  chamber  12 
is  identified  as  injection  face  13.  During  the  loading 
cycle,  the  reactive  liquid  enten  the  injector  through  the 
propellant  supply  lines  14  which  are  provided  with  check 
'•lives  15  to  prevent  reverse  flow  during  injection. 
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In  the  37  run.  gun  herein  described,  suitable  total  Hence,  the  cycles  may  :%  continued  indefinitely  and  as 

combustion  face  areas  II  and  total  injection  face  areas  rapidly  as  projectiles  can  be  loaded  into  the  fcreech  for 

13  ate  66.37  square  inches  and  28.37  square  inches,  re-  injection,  and  eombr-stioa  can  be  accomplished  in  a 

spec  lively,  resulting  in  an  area  ratio  of  the  differential  matter  of  milliseconds.  Therefore,  by  utilizing  a  differ- 

area  piston  of  2.34.  The  areas  arc  selected  to  provide  S  entia'-area  pis  on  to  translate  a  relatively  low  pressure 
an  optimum  injection  rate  for  a  desired  pressure- time  re-  into  a  very  high  injection  pressure,  a  method  has  been 

iatiooship  in  the  chamber,  taking  into  account  the  in-  devised  whereby  the  combustion  pressure  itself  can  be 

crease  in  chamber  volume  during  injection  by  reason  of  employed  for  the  injection  of  the  reactants,  and  a  gun 

the  outward  motion  of  the  pistons  and  motion  ct  the  has  been  o-ovided  which  can  exploit  the  advantages  that 

projectile  along  the  barrel.  Not  only  is  the  selection  of  10  a  liquid  system  should  offer. 

the  area  ratio  governed  by  considerations  of  a  desired  Ac  injector  dependent  upon  a  differential-area  pistoa 
pressure-time  curve  but  selection  of  the  other  features  may  be  termed  a  “self-crcrgizinv"  or  “regenerative'’  in- 

of  the  injector  is  also  governed  by  that  factor.  jector.  Obviously  a  large  number  of  designs  and  com- 

As  indicated  previously,  the  ejection  stroke  is  initiated  ponec*  arrangements  are  possible.  There  may  be  more 

by  the  presence  of  compressed  gas  in  the  combustion  15  than  on;  injector  pair  used  in  the  operation  of  the  gun. 

chamber  obtained  by  bringing  together  smaii  quantities  Similarly,  a  single  injector  may  be  used  provided  suitable 

of  the  propellants  with  an  auxiliary  mechanical  Iced.  liquid  morofuels  are  available.  It  makes  no  difference 
Tais  pressure  acting  against  the  combustion  face  of  the  whether  the  injector  units  are  opposed,  coupled,  concen- 

piston  results  in  a  pressure  build-up  in  the  Tone  of  the  trie,  or  otherwise  displayed  as  long  as  appropriate  dif- 

metered  volume  of  propellant  in  accordance  with  the  20  firet;:al-aiea  pistons  are  employed  in  accordance  with 
area  ratio  of  the  combustion  face  to  the  smaller  injec-  the  ’mention. 

tion  face.  Thus,  the  differential-area  piston  serves  to  An  alternative  form  of  injector  unit  is  depicted  in  Fig. 
generate  an  injection  pressure  always  proportionately  2.  This  example  is  only  one  of  a  numl  er  of  possible 

higher  than  the  combustion  chamber  pressure.  Flow  configurations  whereby  the  piston  itself  can  be  made  to 

of  propellant  through  orifices  16  and  into  the  combustion  25  a  valving  and  metering  function.  This  effect 

chamber  will  occur  when  the  injection  pressure  is  suf-  may  be  obtained  by  tapering  both  the  cylinder  walls  22 

f.cicutly  greet  to  actuate  the  poppet  valves  17.  Combus-  aild  the  piston  head  23  as  is  shown  in  Fig.  2  By  suit- 

tion  of  the  injeettd  propeiiants,  which  eventually  reaches  ably  shaping  the  tapered  sections,  vigorous  mi  ;' jg  of  the 

its  climax  in  the  launching  of  the  missile,  :s  reflected  in  propellant  components  and  desired  rates  of  injection  may 

even  greater  chamber  and  injection  pressures,  so  that  the  30  ^  j_ 

injection  rate  increases  during  the  injection  stroke  in  ac-  Propellant  is  metered  into  the  metered  volume  cham- 
cordancs  with  the  increase  in  pressure  differential  be-  ber  24  through  conduit  25  in  quantities  insufficient  to 

tween  the  combustion  chamber  and  the  me'ered  volume  interfere  with  the  proper  displacement  of  the  piston  26. 

chamber.  This  phenomenon  is  a  regenerati'.e  or  self-  *  A  suitable  pressure  is  maintained  on  the  piston  by  means 

energizing  injection.  The  poppet  valves  17  are  main-  25  of  gaS  supplied  to  chamber  27  through  con¬ 
tained  under  pressure  by  means  of  pressurized  gas  sup-  dial  28.  As  the  piston  is  displaced  by  rising  combustion 

plied  to  chambers  18  through  conduits  (not  shown)  ter-  chamber  pressures,  the  rim  of  the  pii’on  head  and  the 

mutating  a  outlets  IS'.  _  ...  tapered  cylinder  walls  form  a  variable  area  orifice  which 

A  desirable  pressure-time  relationship  its  the  combus-  grows  larger  with  rising  combustion  chamber  pressures, 
tion  chamber  is  dependent  upon  the  rate  of  injection  40  jt  should  be  noted  that  when  the  injector  is  in  a  loaded 

which  in  turn  is  dependent  upon  many  variables  such  st3te,  a  line  contact  sealing  effect  is  obtained  at  29. 

as  area  ratio,  orifice  size,  valve  control,  etc.  A  desir-  ibis  is  one  of  the  most  satisfactory'  of  the  seabng  effects, 
able  pressure-time  relationship  is  characterized  by  the  The  initiation  and  the  maintenance  of  the  faring  cycles 
absence  of  sharp  peak  pressures  in  the  combustion  ebam-  0f  tbe  gun  may  be  accomplished  in  various  ways.  It  is 
ber  which  are  associated  with  inefficient  acceleration  of  45  to  be  noted  at  this  point  that  although  the  initiation  of 
the  projectile.  A  maximum  muzzle  velocity  is  obtained  the  firing  cycle  and  the  initiation  of  injector  action  are 
for  a  given  amount  of  charge  when  the  area  under  the  one  and  the  same,  the  maintenance  of  the  firing  cycles 
pressure  time  curve  is  maximum.  There  foie,  when  com-  and  the  sustaining  uf  injector  action  should  be  clearly 
paring  powder  with  liquids,  in  addition  to  tbe  advantage  distinguished.  The  following  account  dea  1  with  initi- 
gained  in  a  liquid  gun  because  of  the  high  propellant  59  ati0n  and  maintenance  01  firing  cycles, 
impetus  possible  with  liquid  fuels,  the  control  of  pres-  Fig.  1  illustrates  the  method  of  first  initiating  the  fir- 
sure-time  relationships  in  the  combustion  chamber  also  jng  from  an  external  pressure  source  and  th-reafter  main- 

results  in  contributing  to  higher  muzzle  velocities  for  any  tabling  it  by  tbe  return  of  cart  of  the  pressurred  corn- 

given  charge-mass  ratio.  Comparison  5f  the  ballistic  bustlon  gas.  Fig.  3  illustrates  a  form  of  the  .n.ention 
efficiency  of  liquid  and  powder  actuated  guns  leaves  no  55  \tfac;ein  the  means  for  initiation  and  maintenance  of  the 
doubt  of  the  superiority  of  the  former.  firi  ig  cycles  are  the  same.  In  Fig.  3  the  activating  pres- 

Thc  reloading  stroke  is  now  automatically  commenced  sure  is  obtained  from  an  external  source  of  pressure  gas 

when  the  injection  pressure  fails  tc  a  pre-determined  through  cooduit  30.  This  source  may  be  as  portable  a* 

value  at  the  end  of  the  firing,  closing  the  popp-t  valves.  th;  gun  itself,  and  imr'les  repeated  pilot  injection.  This 

An  excess  of  propellant  supply  line  pressure  over  the  go  can  aJso  be  accomplished  by  the  repeated  pPot  injection 
pressure  in  the  metered  volume  chamber  opens  the  sup-  0f  small  quantities  of  hypevgoiic  components  by  a  me- 
ply  check  valves  permitting  propellant  to  flow  into  the  ebanical  feed.  Repeated  pilot  injection  results  in  the 

system  accompanied  by  the  return  of  the  movable  piston  elimination  of  the  need  of  means  fer  capturing  the  cem- 

to  its  original  (loaded)  position.  Simultaneously  with  bustion  gas  after  firing.  Another  '  tethod  of  initiating 

the  completion  of  a  firing  cycle,  a  new  projectile  is  placed  gj  antj  maintaining  the  firing  by  a  single  meant  consists 
in  the  breech  by  devices  not  shown  and  the  cycle  may  be  jj,  placing  a  squib  «  the  base  of  the  projectile  and  firing 
repeated  by  the  re-introduction  into  the  combustion  cham-  jt  by  electrical  means. 

ber  of  part  of  the  combustion  gas  from  tbe  barrel.  This  Fig.  3  also  illustrates  a  recofliess  S*turo  which  is  very 
may  be  accomplished,  for  example,  by  having  part  of  desirable  for  specific  military  apnlicati vts.  The  rccoilles 

the  combustion  gas  in  the  barrel  stored  u-der  pressure  in  70  effect  *  obtained  by  providing  a  pasur-g.;  31  connecting 
line  J9  when  a  check  valve  29  at  the  entrance  of  the  the  combustion  chamber  with  the  atr>c»i!rre.  A  valve 

line  is  opened.  When  the  injector  is  loaded  and  (he  3}  15  inserted  where  this  passage  opens  ic.u  the  combus- 

projectile  is  inserted  in  the  gun,  a  control  valve  21  is  tion  zone.  This  valve  is  to  constructed  tnat  it  will  open 

opened  electrically  or  by  some  other  suitable  means  and  at  a  predetermined  pressure  and  allow  the  release  of 

the  „>as  is  introduced  into  the  sombastion  chamber.  75  enough  combustion  gas  to  effectively  eliminate  recoil. 
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The  remaining  features  of  the  gun  of  Fig.  3  arc  sim¬ 
ilar  to  the  gun  shown  in  Fig.  1  except  for  the  elimination 
cf  lice  19  for  the  return  of  combustion  gas  from  the 
barrel  to  the  combustion  chamber. 

An  extensive  scries  of  firings  of  guns  embodying  the 
principles  of  the  invention  has  shown  that  the  many  ad¬ 
vances  which  should  be  obtained  in  a  liquid  fuel  gun 
are  realized  m  the  guns  of  the  invention.  With  a  37  mm. 
gun  embodying  the  invention,  the  maximum  muzzle  ve¬ 
locity  obtained  amounted  to  5450  feet  per  second  with 
a  next  combustion  chamber  pnssure  of  24.000  pounds 
per  square  inch  and  a  propellant  to  projectile  mass  ratio 
of  5.10.  For  mass  ratios  in  the  range  of  1.5,  maximum 
velocities  exceeded  nitrocellulose  values  by  cs  much  as 
twenty  percent,  at  comparable  or  lower  chamber  pres¬ 
sures.  Other  designs  operating  on  similar  principles  have 
attained  velocities  as  high  as  6500  feet  per  second  at 
substantially  lower  peak  pressures  than  is  the  case  for 
citro-cellulose  powder 

The  traditional  struggle  of  ballistic  personnel  to  pre¬ 
vent  loss  of  the  energy  present  in  trie  charge  and  to  ob¬ 
tain  lower  charge  to  mass  ratios  for  any  given  muzzle 
velocity  has  finally  been  successfully  resolved  by  the  ap¬ 
plication  of  this  invention.  Controlled  rate  of  pressure 
generation  by  control  over  propellant  injection  as  herein 
described  makes  this  possible. 

This  invention  makes  possible  many  improvements  in 
the  mobility  and  the  handling  of  certam  weapons,  in  the 
storage  and  transfer  cf  ammunition,  as  well  as  in  the 
design  of  military  vehicles  and  phnes.  The  elimination 
cf  high  peak  pressures  in  the  combustion  chamber  per¬ 
mits  the  reduction  of  gun  weight.  Because  comparable 
velocities  may  be  obtained  at  lower  charge  to  mass  ratios, 
less  propciiant  and  chamber  voiurne  is  required,  result¬ 
ing  in  shorter  cun  length.  Furthermore,  superfluous 
weight  and  buik  in  the  form  of  cartridge  cases  and  case 
extractors  may  be  i  liminated  and  a  corresponding  sav¬ 
ings  in  space  afforded.  This  will  completely  revolution¬ 
ize  tank  design  for  the  shape  cf  the  tank  torrent  is  de¬ 
pendent  upon  the  size  of  the  shell  that  must  be  manipu¬ 
lated  therein.  Wei  ;ht  and  space  considerations  are  »lso 
of  great  importance  in  fighter  aircraft  carrying  rapid  fire 
guns.  Propellant  can  now  be  stored  ir.  tanks  integrally 
molded  into  the  design  of  the  plane  and  not  necessarily 
near  the  cur.s.  By  such  an  a-rangement,  a  maximum 
cf  room  may  be  obtained  from  the  meager  available 
space  of  aircraft. 

7  his  invention  will  also  yield  great  advar.'cges  in  am¬ 
munition  storage  and  transfer  to  the  gun.  On  the  field 
the  ammunition  can  be  secreted  in  remote  and  protected 
ix-ations  ar.d  piped  to  the  battle  front.  Pipeline  pro¬ 
pellant  transfer  to  the  gun  itself,  rather  than  by  the  use 
cf  conveyer  belts  is  most  conducive  to  high  rates  of 
repetitive  fire.  , 

It  is  to  be  understood  that  the  forms  of  the  invention, 
herewith  shown  and  described,  are  to  be  taken  only  as 
illustrative  examples,  and  that  various  changes  in  shape, 
size,  and  arrangement'  of  parts  may  be  resorted  to  witn- 
out  departing  from  the  spirit  of  the  invention  and  the 
scope  of  the  claims.  Staged  injection  may  be  affiv-ded 
by  providing  a  plurality  of  spaced  injector  units  along 
the  gun  barrei.  Propellant-carrying  projectiles  wherein 
the  injector  unit  a  id  propellant  is  housed  in  a  shell  be¬ 
hind  the  proicctile  are  possible.  A  liquid  gun  designed 
on  the  principles  herein  described  may  be  utilized  in 
launching  guided  missiles  or  man-driven  aircraft.  The 
invention  may  be  prac  iced  by  using  a  monopropellant 
such  as  nitromethane,  lydrogen  peroxide,  hydrazine,  eth¬ 
ylene  <j  tide,  acetylene,  and  methyl  acetylene.  The  ener¬ 
getic  decomposition  of  the  mouofuc!  can  be  initiated  by 
a  catalyst,  such  as  permanganate  solution  in  the  case  cf 
hydrogen  peroxide.  Although  the  problem  of  injecting 
two  liquids  will  stilt  exist,  only  a  few  cubic  centimeters 
of  catalyst  would  be  required  in  such  a  case  and  there 
would  be  no  problem  of  controlling  the  injection  rate 
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of  the  catalyst.  Other  forms  of  excitation  to  initiate  the 
explosive  decomposition  of  the  monofuel  can  be  pro¬ 
vided  by  electrical  means  or  heat,  thereby  reducing  the 
injector  unit  to  one  injector. 

5  We  claim: 

I.  A  liquid  fuel  gun  comprising  a  combustion  cham¬ 
ber,  a  fuel  chamber,  a  differential  area  piston  transmit¬ 
ting  pressure  from  the  combustion  chamber  to  the  fuel 
chamber  to  effect  injection  of  fuel  from  the  fuel  chamber 

10  into  the  combustion  chamber,  and  valve  means  between 
the  fuel  chamber  and  the  combustion  chamber  normally 
urged  into  closed  position  and  actuated  into  open  posi¬ 
tion  by  movement  of  the  differential  area  piston  is  re¬ 
sponse  to  pressure  in  the  combustion  chamber. 

15  2.  A  liquid  fuel  gun  as  defined  in  claim  1  wherein  the 

valve  means  is  provided  by  contact  of  the  differential 
area  piston  with  a  tapered  wall  of  the  fuel  chamber. 

3.  A  liquid  fuel  gun  as  defined  in  claim  1  wherein 
the  valve  means  is  positioned  in  an  orifice  in  the  dff- 

20  fertr.tial  area  piston  providing  communication  between 
the  fuel  chamber  and  the  combustion  chamber. 

4.  A  liquid  fuel  gun  comprising  a  combustion  cham¬ 
ber,  a  fuel  chamber,  a  differential  rrea  piston  positioned 
between  the  fuel  chamber  and  the  combustion  chamber 

25  transmitting  pressure  from  the  combustion  chamber  to 
the  fuel  cfcambei,  and  pressure  mems  acting  on  a  face 
of  said  differential  area  piston  to  urge  said  piston  into 
contact  with  a  tapered  wall  of  the  fuel  chamber  to  close 
communication  between  the  fuel  chamber  and  the  com- 

30  bustion  chamber  at  combustion  chamber  pressures  below 
a  predetermined  amount 

5.  A  liquid  fuel  gun  comprising  a  combustion  cham¬ 
ber,  a  fuel  chamber,  a  differential  area  piston  positioned 
between  the  fuel  chamber  and  the  combustion  chamber 

35  transmitting  pressure  from  the  combustion  chamber  to 
the  fuel  chamber,  said  piston  having  an  orifice  providing 
communication  between  the  fuel  chamber  and  the  com¬ 
bustion  chamber,  valve  means  in  said  orifice.  t.:J  pres¬ 
sure  means  urging  said  valve  means  into  closed  position 

40  at  combustion  chamber  pressures  below  a  predetermined 
amount 

6.  A  liquid  fuel  gun  as  defined  in  c'aim  I  including 
means  supplying  compressed  gas  to  the  combustion  cham¬ 
ber  to  initiate  movement  of  the  piston. 

<5  7.  A  liquid  fuel  gun  as  defined  in  claim  1  including 

valve-controlled  means  supplying  compressed  gas  to  the 
combustion  chamber  to  initiate  movement  of  ihe  pistca. 

8.  A  liquid  fuel  gun  as  defined  in  claim  1  including 
means  to  return  a  portion  cf  the  combustion  gases  from 

50  tbs  barrel  of  the  gun  to  the  combustion  chamber. 

9.  A  liquid  fuel  gun  as  defined  in  claim  1  including 
valve-controlled  means  to  return  a  portion  of  the  com¬ 
bustion  gases  from  the  barrel  of  the  gun  to  the  com¬ 
bustion  chamber. 

55  10.  A  liquid  fuel  eta  as  defined  in  claim  1  including 

means  supplying  compressed  gas  to  the  combustion  cham¬ 
ber  to  initiate  movement  of  the  piston  and  means  to  re¬ 
turn  a  portion  of  the  combustion  gases  from  the  barrel 
of  the  gun  to  the  combustion  chamber  to  reactivate  the 

60  piston. 

II.  A  liquid  foe!  gun  as  defined  in  claim  1  including 
a  fuel  reservoir  and  a  check-vaive-controtlcd  conduit  con¬ 
necting  the  fuel  reservoir  and  the  fuel  chamber. 

12.  A  liquid  fuel  gun  as  defined  in  claim  1  including 

65  means  for  injecting  a  minor  portion  of  propellant  into 

the  combustion  chamber  to  initiate  movement  of  the 
piston. 

13.  A  liquid  fuel  gun  as  defined  in  claim  1  including 
means  defining  a  passage  connecting  tne  combustion 

70  chamber  to  the  atmosphere  and  valve  means  in  said  pas¬ 
sage  opening  at  a  predetermined  combustion  chamber 
pressure. 

14.  A  firearm  comprising  a  breech  ersirg,  a  barrel  af¬ 
fixed  to  said  casing,  a  combustion  chamber  formed  in  said 

75  casing  and  communicating  with  Mi  band,  a  plurality 
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of  raJial  bores  extending  outwardly  fxom  said  combus¬ 
tion  chamber  to  the  periphery  cf  said  casing,  a  plurality 
of  hollow  injector  pistons  having  a  closed  end  adjacent 
said  combust-on  chamber  and  slidable  within  said  bores, 
a  plurality  of  hollow  bosses  fitting  said  bores  and  hav-  5 
ing  a  circumferentially  reduced  portion  extending  within 
the  op:n  end  of  said  pistons,  said  bosses  conducting  a  pre¬ 
determined  volume  of  hypergolic  reactants  to  the  interior 
of  said  pistons,  an  orifice  in  toe  closed  end  of  said  pistons, 
said  closed  end  of  said  pistons  having  a  large  area  ex-  1C 
posed  ».c  said  combustion  chambc-  ami  a  smaller  area  ex¬ 
posed  to  the  said  reactants  whereby  said  injector  pistons 


s 

supply  said  reactants  under  progressively  increasing  pres¬ 
sure  and  rate  of  flow  to  said  combustion  chamber. 
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[57]  ABSTRACT 

A  projectile  firing  device  utilizing  a  fluid  propellant  in 
which  an  electronic  control  responsive  to  a  charging 
signal,  cycling  of  the  bolt  in  the  breechblock  to  a  fully 
closed  position  and  pressure  in  the  firing  chamber 
below  a  preset  value  opens  a  valve  to  permit  pressurized 
propellant  to  flow  into  the  firing  chamber  and  closes  the 
valve  and  enables  electronic  triggering  circuits  when 
the  pressure  reaches  the  preset  value.  The  muzzle  ve¬ 
locity  of  the  device  may  be  varied  by  varying  the  pres¬ 
sure  of  the  propellant  in  the  firing  chamber  and  the  rate 
of  fire  in  the  automatic  mode  may  be  adjusted  electroni¬ 
cally.  A  spring  biased  injector  finger  carried  by  the  bolt 
urges  a  projectile  from  a  magazine  into  the  bore  of  the 
barrel  and  retains  it  there  to  form  a  gas  tight  seal  until 
the  propellant  is  ignited.  When  no  projectiles  remain  in 
the  magazine,  the  injector  finger  prevents  the  bolt  from 
closing  completely  and  therefore  inhibits  the  electronic 
control  from  recharging  the  firing  chamber  with  pro¬ 
pellant. 
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FLUID  PROPELLANT  PROJECTILE  FIRING 
DEVICE 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

The  invention  relates  to  devices  for  firing  projectiles 
and  more  particularly  to  such  devices  utilizing  a  fluid 
propellant. 

2.  Prior  Art 

Conventional  projectile  firing  weapon  systems  utilize 
a  measured  amount  of  solid  propellant  confined  in  a 
shell  or  cartridge  casing  capped  by  the  projectile  and 
are  fired  by  a  percussion  cap  or  primer.  The  casings, 
which  are  normally  brass,  make  such  ammunition  ex¬ 
pensive  and  heavy  to  carry  and  therefore  a  good  deal  of 
effort  has  been  expended  lately  on  developing  caseless 
ammunition  in  which  the  solid  propellant  is  attached 
directly  to  the  projectile  without  a  casing.  This  arrange¬ 
ment  has  its  own  special  problems,  such  as  the  develop¬ 
ment  of  a  propellant  which  is  resistant  to  chipping  and 
cracking  when  used  in  automatic  weapons  and  under 
normal  field  conditions.  Some  of  these  weapons  utilize 
the  heat  generated  by  rapid  compression  of  air  to  ignite 
the  solid  propellant  while  others  rely  upon  impact  igni¬ 
tion. 

Several  types  of  fluid  operated  weapons  which  inher¬ 
ently  eliminate  the  need  for  a  casing  have  also  been 
proposed.  In  some,  such  as  those  disclosed  in  U.S.  Pat 
Nos.  1,383,111  and  3,728,937,  a  spark  or  glow  plug 
ignites  the  fluid  propellant  In  U.S.  Pat.  No.  2,947,221 
compression  ignition  of  the  liquid  propellant  is  utilized 
to  fire  the  weapon.  These  prior  art  weapons  for  the 
most  part  rely  upon  mechanical  devices  for  charging 
the  fluid  propellant  into  the  firing  chamber.  In  U.S.  Pat 
No.  3,728.937,  the  operator  manually  strikes  -..e  button 
to  admit  butane  and  another  to  admit  oxygen  to  the 
firing  chamber  after  the  projectile  has  been  inserted 
and  the  bolt  closed  manually.  In  U.S.  Pat.  No. 
1,383,111  a  pump  action  is  used  to  charge  the  firing 
chamber  and  in  U.S.  Pat.  No.  3,800,657  the  liquid 
propellant  is  charged  into  the  firing  chamber  from 
dosing  chambers  by  pistons.  U.S.  Pat.  No.  3,255,669 
suggests  that  a  gaseous  propellant  be  confined  in  a 
detonation  chamber  which  is  separated  from  the  barrel 
and  the  projectile  by  a  valve  until  the  trigger  is  pulled 
and  the  gas  is  ignited  in  order  to  maintain  the  gas 
pressure. 

Automatic  weapons  in  which  a  portion  of  the  gases 
which  drive  the  bullet  down  the  barrel  are  vented  back 
to  cycle  the  bolt  and  reload  another  cartridge  from  a 
magazine  are  well  known.  These  weapons  often  pro¬ 
vide  a  semi-automatic  mode  in  which  the  trigger  must 
be  released  and  resqueezed  to  fire  the  next  cartridge  and 
a  fully  automatic  mode  in  which  cartridges  are  loaded 
and  fired  continuously  as  long  as  the  trigger  is  squeezed. 
Weapons  of  this  sort  are  available  for  both  cased  and 
caseless  ammunition.  While  most  of  these  weapons  have 
a  fixed  rate  of  fire,  it  has  been  suggested  that  the  rate  of 
fire  may  be  varied  by  adjusting  the  bleed  rate  of  a  pneu¬ 
matic  cylinder  connected  in  the  mechanical  mechanism. 

It  is  an  object  of  the  present  invention  to  provide  an 
improved  projectile  firing  device  using  a  fluid  propel¬ 
lant  which  is  simple  in  design,  easily  constructed  and 
serviced  and  is  dependable.  It  is  also  an  object  of  this 
invention  to  provide  such  a  device  which  is  capable  of 
automatic  or  semi-automatic  operation  and  in  which  the 
muzzle  velocity  and  rate  of  fire  are  adjustable.  Other 
objects  of  the  invention  will  be  apparent  from  a  reading 
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of  the  detailed  description  of  a  preferred  embodiment 
which  follows. 

SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  invention,  a  projectile  firing 
device  includes  control  means  responsive  to  pressure  in 
a  firing  chamber  below  a  predetermined  value,  to  a 
sliding  bolt  in  the  breechblock  being  closed  and  to  a 
charging  signal,  for  opening  a  valve  to  permit  the  flow 
of  a  pressurized  fluid  propellant  into  the  firing  chamber 
and  for  closing  the  valve  and  enabling  electrical  trigger¬ 
ing  means  when  the  pressure  reaches  the  predetermined 
pressure.  The  electrical  triggering  means  ignites  the 
propellant  to  drive  a  projectile  down  the  barrel  of  the 
device.  Suitably,  the  charging  signal  may  be  generated 
by  initial  movement  of  the  trigger  such  that  the  propel¬ 
lant  is  charged  into  the  firing  chamber  just  prior  to 
ignition  and  therefore  does  not  have  the  opportunity  to 
bleed  off  The  velocity  of  the  projectile  may  be  varied 
by  adjusting  the  predetermined  pressure  to  which  the 
firing  chamber  is  charged. 

In  the  preferred  embodiment  of  the  invention,  gases 
generated  by  ignition  of  the  propellant  are  utilized  to 
drive  the  bolt  open  as  the  projectile  proceeds  down  the 
barrel.  As  the  bolt  is  returned  to  the  closed  position  by 
biasing  means,  a  projectile  is  fed  into  the  barrel  from  a 
magazine.  When  there  are  no  projectiles  remaining  in 
the  magazine  as  the  bolt  returns  to  the  closed  position, 
means  are  provided  to  prevent  the  control  means  from 
operating  the  valve  to  recharge  the  firing  chamber  with 
propellant.  This  means  may  take  the  form  of  a  device 
which  prevents  the  bolt  from  closing  all  the  way.  In  the 
embodiment  disclosed,  an  injector  finger  pivoted  to  the 
bolt  is  biased  outwardly  where  it  engages  a  recess  in  the 
rear  of  the  projectile  to  urge  it  from  the  magazine  into 
the  barrel.  The  injector  finger  pivots  with  the  move¬ 
ment  of  the  projectile  into  the  barrel  to  permit  the  bolt 
to  fully  close.  However,  when  no  projectiles  remain  in 
the  magazine,  the  injector  finger  remains  outwardly 
biased  and  prevents  full  closure  of  the  bolt. 

The  device  may  include  mode  means  selectable  to  a 
semi-automatic  condition  to  prevent  the  control  means 
from  recharging  the  firing  chamber  with  propellant 
following  ignition  of  the  propellant  until  the  trigger  is 
released  and  reactuated  and  selectable  to  an  automatic 
condition  to  permit  the  control  means  to  operate  the 
valve  to  repeatedly  recharge  the  firing  chamber  with 
propellant  and  to  enable  the  electrical  triggering  means 
to  ignite  each  new  charge  of  propellant  as  long  as  the 
trigger  remains  actuated.  The  selectable  mode  means 
may  include  means  when  in  the  automatic  condition  to 
actuate  electrical  means  to  ignite  propellant  in  the  firing 
chamber  when  the  trigger  is  released  and  the  pressure  in 
the  firing  chamber  is  above  the  preset  pressure.  This 
clears  the  last  round  out  of  the  Bring  chamber  at  the 
termination  of  automatic  fire.  The  selectable  mode 
means  may  also  include  means  when  in  the  automatic 
condition  to  generate  an  adjustable  time  delay  which 
controls  operation  of  the  trigger  enabling  means  to 
adjust  the  rate  of  fire.  In  the  disclosed  device,  the  time 
delay  means  is  responsive  to  the  pressure  in  the  firing 
chamber  and  delays  ignition  of  the  propellant  for  the 
adjustable  time  interval  after  the  pressure  reaches  the 
preset  value. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  side  elevation  view  partially  in  section  of 
a  rifle  embodying  the  invention; 
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FIG.  2  is  a  schematic  representation  of  a  section 
through  the  breechblock  of  the  rifle  of  FIG.  1; 

FIG.  3  is  a  vertical  view  of  the  breech  end  of  the 
barrel  of  the  rifle  of  FIG.  1; 

FIG.  4  is  an  enlarged  vertical  view,  partially  in  sec-  5 
tion,  of  an  injector  finger  of  the  rifle  of  FIG.  i  showing 
how  it  seats  in  the  recess  of  a  projectile;  and 

FIG.  5  is  a  schematic  diagram  of  a  circuit  suitable  for 
operating  the  rifle  of  FIG.  1  in  accordance  with  the 
principles  of  the  invention. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

The  invention  will  be  described  as  applied  to  a  rifle  as 
shown  in  FIG.  1  having  a  barrel  1,  a  breechblock  3  and 
a  stock  5.  The  butt  plate  7  of  the  stock  is  pivotally 
mounted  to  cover  a  recess  9  in  the  shoulder  portion  of 
the  stock  which  receives  a  removable  pressure  bottle  11 
containing  pressurized  fluid  propellant  for  the  weapon. 
The  pressure  bottle  is  locked  into  a  receiver  13  and  is 
connected  by  a  conduit  15  through  a  pressure  regulator 
17,  a  solenoid  vavle  19,  a  check  valve  21  and  pressure 
switch  23  to  the  breechblock  3. 

The  pressure  regulator  17  is  provided  with  a  gauge 
which  is  mounted  to  give  a  visual  indication  of  the 
pressure  and,  therefore  indirectly,  the  amount  of  fluid 
propellant  in  the  pressure  bottle  11.  The  regulator  also 
supplies  fluid  propellant  through  the  conduit  15  at  a 
preset  but  adjustable  pressure.  The  solenoid  valve  19 
controls  the  flow  of  pressurized  propellant  through  the 
conduit  15  as  directed  by  a  control  circuit  to  be  de¬ 
scribed  below.  The  solenoid  is  retained  in  place  in  a 
bore  in  the  stock  by  a  water  tight  screw  cap  25. 

The  check  valve  21,  which  may  suitably  be  a  spring 
biased  ball  type,  permits  flow  of  pressurized  fluid  from 
the  pressure  bottle  11  to  the  breechblock  3  but  prevents 
back  flow  when  the  weapon  is  fired.  The  pressure 
switch  23  operates  two  sets  of  contacts  in  the  control 
circuit  to  be  discussed  below  when  the  pressure  in  the 
last  portion  of  the  line  15  and  therefore  in  the  breech¬ 
block  3  is  above  a  preset  value.  The  pressure  at  which 
the  pressure  switch  is  actuated  may  be  adjusted  by  a 
knob  on  the  switch  (not  shown)  which  protrudes 
through  the  stock  5. 

A  pistol  grip  27  on  the  stock  5  houses  a  battery  29 
which  may  be  tested  by  pressing  the  test  button  31  and 
observing  the  level  of  charge  on  the  gauge  33.  The 
trigger  35  is  pivotally  mounted  in  front  of  the  pistol  grip 
27  and  is  protected  by  a  guard  37.  The  control  circuitry 
39  is  removably  mounted  in  a  compartment  in  the  Stock 
adjacent  the  trigger  35  and  an  “OFF  —  SEMI-AUTO” 
mode  switch  41  is  mounted  adjacent  the  compartment 
for  the  control  circuit  39.  A  magazine  43  which  can 
hold  a  supply  of  projectiles  for  feeding  one  at  a  time  into 
the  barrel  is  inserted  through  the  underside  of  the  stock 
into  the  breechblock  3. 

FIG.  2  is  a  schematic  representation  of  n  section 
through  the  breechblock  3  and  the  end  of  the  barrel  1. 

A  hollow  bolt  45  is  received  in  an  axial  bore  47  in  the 
breechblock  3  and  is  slidable  between  an  open  position 
wherein  the  bolt  is  moved  all  the  way  to  the  left,  as 
shown  in  FIG.  2,  and  a  closed  position  in  which  the  bolt 
moves  to  the  right  to  seat  against  the  end  of  the  barrel 
1.  The  end  portion  49  of  the  bolt  received  in  the  breech¬ 
block  3  is  larger  in  diameter  than  the  remainder  of  the 
bolt  such  that  an  annular  blow  back  chamber  51  is 
formed  between  the  bolt  and  the  breechblock  3.  A  blow 
back  line  53  which  is  connected  to  a  point  (not  shown) 
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in  the  bore  55  in  the  barrel  1  directs  gases  generated  by 
ignition  of  the  propellant  back  to  the  blow  back  cham¬ 
ber  51  as  the  projectile  proceeds  down  the  bore  55. 
These  gases  then  drive  the  bolt  toward  the  open  posi¬ 
tion  (the  left  as  seen  in  FIG.  2)  until  the  relief  port  57  is 
uncovered  and  the  gases  escape  to  the  atmosphere.  A 
large  coil  spring  58,  surrounding  the  bolt  and  bearing 
against  a  shoulder  4  in  the  breechblock  3  and  an  annular 
flange  59  on  the  bolt,  is  compressed  as  the  bolt  is  driven 
to  the  open  position  by  the  blow  back  gases  and  then 
biases  the  bolt  toward  the  closed  position  as  the  gases 
are  relieved  through  the  relief  port  57.  An  annular  seal¬ 
ing  ring  61  on  the  face  of  the  enlarged  end  portion  49  of 
the  bolt  seats  in  a  mating  annular  recess  63  in  the  shoul¬ 
der  4  of  the  breechblock  as  the  bolt  closes. 

The  forward  end  65  of  the  bolt  45  is  also  provided 
with  an  annular  ring  67  on  the  face  thereof  which  seats 
with  a  mating  annular  recess  69  in  the  barrel  1  to  form 
a  gas  tight  seal  as  the  bolt  closes.  The  bolt  45  may  also 
be  opened  manually  by  the  knurled  lever  46  shown  in 
FIG.  1.  When  the  lever  is  released,  the  spring  58  drives 
the  bolt  to  the  closed  position.  The  forward  end  of  the 
bolt  also  carries  an  injector  finger  71  pivotally  mounted 
on  a  boss  73.  As  best  seen  in  FIG.  4,  the  injector  finger 
71  comprises  two  telescoping  sections  75  and  77  biased 
to  the  extended  position  by  an  internal  spring  79.  The 
injector  finger  71  is  biased  downward  and  outward  in 
the  path  of  the  closing  bolt  by  a  spring  81. 

As  the  bolt  is  driven  in  the  closing  direction,  the 
downward  biased  injector  finger  71  enters  the  recess  83 
in  the  rear  of  the  top  projectile  85  in  the  magazine  43 
and  urges  the  projectile  forward  and  up  a  relieved  por¬ 
tion  87  in  the  bottom  center  of  the  barrel  into  the  bore 
55.  A  hood  88  over  the  top  of  the  bore  assists  in  seating 
the  projectile  in  the  bore.  The  bore  55  is  countersunk 
slightly  to  form  a  shoulder  89  against  which  a  collar  91 
on  the  projectile  seats.  The  projectile  is  cast  with  a 
flashing  93  on  the  rear  which  serves  as  a  seal  for  the 
forward  end  of  the  firing  chamber  95  formed  by  the 
bore  in  the  hollow  bolt  45,  the  end  of  the  barrel  1  and 
the  closed  end  of  the  breechblock  3.  The  spring  biased 
injector  finger  71  retains  the  projectile  in  scaling  en¬ 
gagement  with  the  end  of  the  barrel  until  the  weapon  is 
fired.  As  the  bolt  45  closes,  a  projection  97  on  the  un¬ 
derside  of  the  bolt  which  assists  the  injector  finger  71  in 
inserting  the  projectile  85  into  the  bore  55,  actuates  a 
bolt  closed  switch  99  to  prepare  circuits  discussed 
below  for  the  introduction  of  the  propellant  into  the 
firing  chamber  95.  The  pressurized  fluid  propellant 
when  introduced  into  the  firing  chamber  95  through  the 
conduit  15  also  bears  against  the  rear  of  the  projectile  85 
and  retains  it  in  place.  Upon  actuation  of  the  trigger  35, 
the  pressurized  propellant  in  the  firing  chamber  95  is 
ignited  by  the  spark  plug  101  through  circuitry  to  be 
described  below.  The  explosive  ignition  of  the  propel¬ 
lant  drives  the  projectile  85  down  the  bore  55  of  the 
barrel.  The  flashing  93  on  the  projectile  85  collapses 
under  the  tremendous  forces  generated,  however,  the 
collar  91  on  the  projectile  forms  a  gas  tight  seal  with  the 
tapered  bore  55  and  thereby  permits  the  generation  of  a 
very  high  muzzle  velocity. 

FIG.  5  illustrates  a  suitable  circuit  for  operation  of 
the  disclosed  projectile  firing  device.  The  battery  29, 
which  may  be  tested  by  pressing  the  push  button  31  to 
give  a  visual  indication  on  gauge  33  of  the  state  of  the 
battery  charge,  is  connected  through  the  mode  switch 
41  to  a  lead  103.  The  mode  switch  41  comprises  four 
ganged  three  position  switches  41  “a"  through  “d“  each 
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having  a  “semi”  position,  and  an  “auto  ”  position  and  an 
inoperative  “ofT*  position.  The  lead  103  is  connected, 
through  the  normally  open  contacts  of  bolt  closed 
switch  99,  a  normally  closed  set  of  contacts  23a  on 
pressure  switch  23  and  a  trigger  actuated  switch  35a,  to  S 
either  the  K  input  of  a  J-K  flip-flop  105  or  one  input  of 
AND  gate  107.  The  switch  99  is  closed  when  the  bolt  is 
in  the  fully  closed  position.  The  contacts  23a  of  pressure 
switch  23  are  closed  when  the  pressure  in  the  firing 
chamber  95  is  below  the  preset  value  and  open  above  10 
that  pressure.  The  switch  35a  is  actuated  by  the  trigger 
35  and  remains  in  the  RESET  position  as  shown  in  FIG. 

5  when  the  trigger  is  unactuated  but  transfers  to  the 
TRIGGER  1  position  upon  initial  squeezing  of  the 
tri.^er  and  remains  in  this  position  until  the  trigger  is  IS 
completely  released. 

AND  gate  107,  when  turned  on  by  the  TRIGGER  1 
output  of  switch  35a  and  the  B  output  of  flip-flop  105, 
energizes  the  coil  19c  of  solenoid  valve  19  through 
driver  109  and  when  turned  off  enables  AND  gate  111  20 
through  inverter  113.  AND  gate  111  when  turned  on 
generates  a  firing  pulse  for  spark  plug  101  through 
driver  115  and  high  voltage  transfer  117.  AND  gate  111 
is  turned  on  by  a  signal  applied  to  the  A  input  when  the 
bolt  switch  99  is  closed,  a  signal  apt  Ted  to  the  B  input  25 
through  switch  415  when  the  pressure  in  the  firing 
chamber  is  above  the  present  valve  so  that  the  contacts 
23 6  of  pressure  switch  23  are  closed  either  directly 
when  switch  415  is  in  the  SEMI  position  or  through 
variable  DELAY  LINE  119  when  switch  415  is  in  the  30 
AUTO  position,  and  by  a  signal  applied  to  input  C 
either  through  switches  355  and  41  d  in  either  the 
AUTO  or  SEMI  modes,  or,  alternately  in  the  AUTO 
mode,  by  the  output  of  AND  gate  121.  Switch  355  is  in 
the  TRIGGER  2  position  to  apply  the  required  signal  35 
only  when  the  trigger  35  is  fully  depressed.  When 
switch  41  d  is  in  the  SEMI  position,  a  pulse  is  applied  to 
input  C  of  AND  111  through  capacitor  123.  AND  121 
is  turned  on  by  a  signal  applied  to  its  A  input  when  the 
bolt  switch  99  is  closed  and  a  signal  applied  to  the  B  40 
input  from  switch  416.  AND  121  only  supplies  an  acti¬ 
vating  signal  to  AND  111  when  the  switch  41c  is  in 
AUTO. 

The  above  described  device  operates  in  the  following 
manner.  It  will  be  assumed  first  that  the  mode  switch  41  45 
is  turned  to  the  SEMI  position.  The  operator  pulls  the 
lever  46  to  slide  the  bolt  45  rearward  and  releases  it  so 
that  the  spring  58  drives  the  bolt  toward  the  closed 
position.  As  the  bolt  45  moves  forward  the  injector 
finger  71  slides  a  projectile  85  from  the  magazine  43  into  50 
the  bore  55  in  the  barrel.  As  the  bolt  reaches  the  fully 
closed  position,  the  bolt  switch  99  is  closed  which  ap¬ 
plies  a  signal  to  the  K  input  of  flip-flop  105  to  insure  that 
the  flip-flop  output  is  high. 

When  the  operator  begins  to  pull  the  trigger  35,  55 
switch  35a  transfers  to  the  TRIGGER  1  position 
thereby  turning  on  AND  107  which  in  turn  energizes 
solenoid  valve  19.  As  solenoid  valve  19  opens,  pressur¬ 
ized  propellant  flows  from  the  bottle  11  through  con¬ 
duit  15  to  the  firing  chamber  95.  While  the  firing  cham-  60 
her  is  being  charged  with  propellant,  the  inverter  113 
disables  AND  111  so  that  the  spark  plug  101  cannot  be 
energized  to  ignite  the  propellant  pretr>:  turely.  When 
the  pressure  in  the  firing  chamber  95  reaches  the  preset 
value,  pressure  switch  23  is  actuated  to  open  contacts  65 
23 a  thereby  turning  off  AND  107  which  deenergizes 
solenoid  19  and  enables  AND  111.  At  the  same  time  the 
contacts  236  of  the  pressure  switch  close  to  cause  the  B 
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input  of  AND  111  to  go  high.  The  A  input  is  already 
high  due  to  the  signal  applied  through  the  bolt  closed 
switch  99.  When  the  operator  depresses  the  trigger  all 
the  way,  the  switch  356  is  transferred  to  the  TRIGGER 
2  position  which  applies  a  pulse  through  capacitor  123 
to  turn  on  AND  111  thereby  energizing  the  spark  plug 
101  and  igniting  the  propellant.  At  the  same  time,  a 
signal  is  applied  to  the  J  input  of  flip-flop  105  to  cause 
the  output  to  go  low  and  prevent  turn  on  of  AND  107 
as  the  pressure  in  the  firing  chamber  decreases  and 
contacts  23a  reclose  following  discharge  of  the  projec¬ 
tile  from  the  barrel. 

As  the  projectile  proceeds  down  the  barrel  under  the 
urging  of  the  gases  generated  by  ignition  of  the  propel¬ 
lant,  a  portion  of  these  gases  enter  the  conduit  53  and 
are  fed  back  to  the  blow  back  chamber  51  where  they 
drive  the  bolt  rearward  thereby  opening  bolt  switch  99. 
As  the  bolt  reaches  the  fully  open  position,  the  blow 
back  gases  are  relieved  through  relief  port  57  and  the 
spring  58  drives  the  bolt  45  forward  again  to  transfer 
another  projectile  85  from  the  magazine  43  to  the  bore 
55. 

With  the  mode  switch  41  in  the  SEMI  position,  the 
firing  chamber  cannot  be  recharged  with  propellant 
even  though  both  switch  99  and  contacts  23a  reclose, 
unless  the  trigger  is  fully  released  to  return  the  switch 
35a  to  the  reset  position  to  again  set  the  output  of  flip- 
flop  105  high.  This  ensures  that  only  one  projectile  may 
be  fired  with  each  squeeze  of  the  trigger  in  the  SEMI 
mode.  However,  by  releasing  and  resqueezing  the  trig¬ 
ger,  all  of  the  projectiles  in  the  magazine  can  be  fired 
one  after  the  other.  When  no  more  projectiles  85  remain 
in  the  magazine,  the  downwardly  biased  injector  finger 
71  will  prevent  full  closure  of  the  bolt  45  following 
firing  of  the  last  round  and  therefore  the  bolt  close 
switch  99  will  remain  open.  With  this  switch  open,  it 
can  be  seen  from  the  circuit  of  FIG.  5  that  propellant 
cannot  be  introduced  into  the  firing  chamber.  This  fea¬ 
ture  prevents  depletion  of  propellant  through  the  bore 
in  the  barrel  when  it  is  not  plugged  with  a  projectile. 

When  the  mode  switch  41  is  placed  in  the  AUTO 
position,  the  firing  chamber  95  is  initially  charged  with 
propellant  in  the  manner  described  above  as  the  trigger 
35  moves  out  of  the  rest  position.  AND  111  is  also 
enabled  by  inverter  113  when  the  firing  chamber  is  fully 
charged  as  in  the  SEMI  mode.  In  addition,  the  bolt 
closed  switch  99  causes  input  A  of  AND  111  to  go  high. 
However,  input  B  of  AND  111  only  goes  high  a  prede¬ 
termined  time  interval  after  the  firing  chamber  95  is 
charged  and  pressure  switch  contacts  235  close  because 
switch  416  now  introduces  delay  line  119  into  the  cir¬ 
cuit.  This  time  delay  may  be  set  at  any  desired  interval 
to  vary  the  rate  of  fire  in  the  AUTO  mode.  An  adjust¬ 
ment  knob  can  be  provided  on  the  delay  circuit  for  this 
purpose.  As  the  trigger  is  fully  squeezed,  switch  356 
goes  to  TRIGGER  2  t r  apply  a  signal  to  the  C  input  of 
AND  111  through  switch  41d  and  the  spark  plug  101  is 
fired.  The  projectile  85  is  driven  down  the  barrel  and 
the  bolt  recycles  to  load  another  projectile  into  the 
barrel  in  the  same  manner  as  in  the  SEMI  mode. 

With  the  trigger  35  held  in  the  TRIGGER  2  position 
and  the  mode  switch  in  AUTO,  a  continuous  high  sig¬ 
nal  is  applied  to  the  C  input  of  AND  111.  However, 
when  the  bolt  switch  99  recloses  and  AND  107  turns  on 
to  recharge  the  firing  chamber  with  propellant,  inverter 
113  disables  AND  111.  Even  when  the  firing  chamber  is 
recharged  and  pressure  switch  235  closes,  AND  111  is 
not  turned  on  to  ignite  the  propellant  until  the  preset 
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time  delay  set  by  delay  line  119  again  expires  Thus  as 
long  as  the  trigger  35  remains  actuated,  the  projectiles 
will  be  propelled  down  the  barrel  automatically  one 
after  the  other  at  intervals  determined  by  the  delay  line 
119.  When  the  trigger  is  released  in  AUTO,  AND  121  5 
will  still  cause  the  C  input  of  AND  111  to  go  high  to 
send  a  firing  signal  to  the  spark  plug  101.  However, 
with  the  trigger  released,  the  A  input  to  AND  107  will 
not  go  high  when  the  bolt  closes  after  firing  the  last 
round,  and  therefore  the  firing  chamber  will  not  be  10 
recharged  with  propellant.  This  feature  assures  that  the 
firing  chamber  does  not  remain  charged  with  propellant 
after  the  trigger  is  released  in  the  automatic  mode.  As  in 
the  case  of  the  semi-automatic  mode,  when  no  more 
projectiles  remain  in  the  magazine  as  the  bolt  moves  15 
forward,  it  is  prevented  from  fully  closing  and  actuating 
the  bolt  closed  switch  99  by  the  downwardly  biased 
injection  finger  71.  If  desired,  other  means  could  be 
used  to  assure  that  propellant  is  not  introduced  into  the 
firing  chamber  when  no  projectile  is  inserted  in  the  bore 
to  form  a  seal. 

Suitable  propellants  could  be  either  gases  or  liquids  at 
standard  temperature  and  pressure.  The  propellant 
should  have  a  high  energy  of  reaction  yet  be  stable  2J 
under  conditions  in  which  the  device  would  be  used. 
Suggested  propellants  would  include  stoichiometric 
mixtures  of  oxygen  with  a  hydrocarbon  such  as  meth¬ 
ane  or  a  cyclo-alkane,  or  an  unsaturated  hydrocarbon 
such  as  acetylene,  a  cyclo-alkane  or  an  arene.  Other  jq 
possible  propellants  would  include  nitro  derivatives  of 
hydrocarbon  compounds  such  as  trinitrotoluene. 
Where  it  is  desirable  to  maintain  the  oxidizer  separate 
from  the  propellant  prior  to  firing  the  device,  separate 
pressure  bottles  with  appropriate  valving  in  accordance  35 
with  the  teachings  of  the  invention  may  be  provided. 

While  the  invention  is  disclosed  as  applied  to  a  rifle, 
it  is  readily  apparent  that  it  is  adaptable  for  use  in  other 
weapons  systems.  Some  modifications  may  be  desirable 
in  such  applications.  For  instance,  in  larger  devices  for  40 
use  in  tanks,  ships,  airplanes  or  fixed  installations,  the 
propellant  source  can  be  separate  from  the  remainder  of 
the  device.  In  some  applications  it  may  be  desirable  that 
the  charging  signal,  which  initiates  flow  of  propellant  to 
the  firing  chamber,  be  provided  by  means  independent  45 
of  initial  movement  of  the  trigger.  Other  variations  fully 
within  the  teachings  of  the  invention  are  also  possible 
and  the  invention  is  to  be  given  the  full  scope  of  the 
appended  claims. 

We  claim:  *  JO 

1.  A  projectile  firing  device  comprising: 
a  barrel; 

a  breechblock  containing  a  firing  chamber  mounted 
on  one  end  of  the  barrel  with  the  firing  chamber  in 
communication  with  the  barrel;  33 

a  bolt  slidable  within  the  firing  chamber  of  the 
breechblock  between  an  open  position  in  which  a 
projectile  may  be  inserted  into  said  one  end  of  the 
barrel  and  a  closed  position  in  which  the  firing 
chamber  is  sealed;  60 

a  source  of  fluid  propellant  under  pressure; 
means  connecting  the  source  of  pressurized  fluid 
propellant  with  the  firing  chamber; 
valve  means  in  said  connecting  means  for  controlling 
the  flow  of  said  pressurized  fluid  propellant  from  65 
said  source  to  the  firing  chamber; 
triggering  means  including  a  trigger,  electrical  means 
responsive  to  movement  of  the  trigger  to  electri- 
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cally  ignite  the  propellant  in  the  firing  chamber, 
and  means  for  enabling  said  electrical  means; 

means  for  generating  a  charging  signal;  and 

control  means  responsive  to  pressure  in  the  firing 
chamber  below  a  predetermined  value,  said  bolt 
being  in  the  closed  position  and  said  charging  sig¬ 
nal,  to  open  said  valve  means  to  permit  flow  of  the 
pressurized  propellant  from  said  source  into  the 
firing  chamber,  and  further  responsive  to  pressure 
in  the  firing  chamber  above  said  predetermined 
value  to  close  said  valve  means  and  activate  said 
enabling  means, 

whereby  generation  of  said  charging  signal  with  the 
bolt  closed,  charges  said  firing  chamber  with  pro¬ 
pellant  and  actuation  of  said  trigger  electrically 
ignites  the  propellant  to  drive  the  projectile  down 
the  barrel. 

2.  The  apparatus  of  claim  1  wherein  said  charging 
signal  generating  means  is  connected  to  said  trigger  and 
generates  said  charging  signal  upon  initial  movement  of 
the  trigger. 

3.  The  device  of  claim  1  including  adjustable  pressure 
regulating  means  in  said  connecting  means  for  regulat¬ 
ing  the  pressure  of  the  propellant  delivered  to  the  firing 
chamber  whereby  the  mass  of  the  charge  of  propellant 
introduced  into  the  firing  chamber  and  therefore  the 
velocity  attained  by  the  projectile  is  readily  adjustable. 

4.  The  device  of  claim  1  including: 

a  magazine  connected  to  the  breechblock  for  storing 
a  plurality  of  projectiles; 

means  utilizing  the  gases  generated  by  ignition  of  the 
propellant  for  driving  the  bolt  toward  said  open 
position  as  the  projectile  proceeds  down  the  barrel; 

biasing  means  for  returning  said  bolt  to  the  closed 
position;  and 

means  connected  to  said  bolt  for  transferring  a  pro¬ 
jectile  from  said  magazine  into  said  one  end  of  the 
barrel  as  said  bolt  is  driven  from  the  open  position 
to  said  closed  position  and  for  preventing  said  con¬ 
trol  means  from  opening  said  valve  means  to  re¬ 
charge  the  firing  chamber  with  propellant  when  no 
projectiles  remain  in  the  magazine  as  the  bolt  is 
driven  by  the  biasing  means  toward  the  closed 
position  whereby  a  projectile  is  automatically  in¬ 
serted  into  said  one  end  of  the  barrel  following 
firing  of  the  device  and  further  transfer  of  propel¬ 
lant  to  the  firing  chamber  is  inhibited  when  no 
projectiles  remain  in  the  magazine. 

5.  The  device  of  claim  4  wherein  the  means  for  trans¬ 
ferring  projectiles  from  the  magazine  to  the  barrel  and 
for  preventing  the  control  means  from  transferring  pro¬ 
pellant  to  the  firing  chamber  when  no  projectiles  re¬ 
main  in  the  magazine  include  means  for  preventing  said 
bolt  from  reaching  the  fully  closed  position  when  no 
projectiles  remain  in  the  magazine. 

6.  The  device  of  claim  5  wherein  said  projectiles  are 
provided  with  a  recess  in  the  rear  portion  thereof  and 
wherein  said  means  for  transferring  said  projectiles  and 
for  preventing  the  bolt  from  reaching  the  fully  closed 
position  when  no  projectiles  remain  in  the  magazine 
comprises  a  finger  pivotally  mounted  to  the  bolt  and 
biased  outwardly  to  engage  the  recess  in  a  projectile  in 
the  magazine  to  drive  the  same  along  inclined  guides 
into  said  one  end  of  the  barrel,  said  outwardly  biased 
finger  pivoting  with  the  movement  of  the  projectile  to 
permit  closure  of  the  bolt  but  remaining  outwardly 
biased  to  prevent  closure  of  the  bolt  when  no  projectiles 
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remain  in  the  magazine  as  said  bolt  is  driven  toward  the 
closed  position. 

7.  The  device  of  claim  4  including  mode  means  select¬ 
able  to  a  semi-automatic  condition  to  prevent  the  con¬ 
trol  means  from  opening  the  valve  means  to  recharge  S 
the  firing  chamber  with  propellant  following  ignition  of 
the  propellant  until  said  trigger  is  released  and  reactua¬ 
ted,  and  selectable  to  an  automatic  condition  to  permit 
said  control  means  to  operate  the  valve  means  to  repeat¬ 
edly  recharge  said  firing  chamber  with  propellant  and 
to  enable  the  electrical  means  to  ignite  the  new  charge 
of  propellant  as  long  as  the  trigger  remains  actuated. 

8.  The  device  of  claim  7  wherein  said  selectable  mode 
means  includes  means  when  in  said  automatic  condition 
to  actuate  said  electrical  means  to  ignite  propellant  in 
said  firing  chamber  when  the  trigger  is  released  and  the 
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pres&ure  in  said  firing  chamber  is  above  said  preset 
value  whereby  no  unignited  charge  of  propellant  re¬ 
mains  in  the  firing  chamber  upon  release  of  the  trigger. 

9.  The  device  of  claim  7  wherein  said  selectable  mode 
means  includes  means  when  in  said  automatic  condition 
to  generate  and  adjustable  time  delay  and  wherein  said 
enabling  means  is  responsive  to  the  time  delay  to  delay 
ignition  of  the  propellant  by  the  electrical  means  for 
said  adjustable  time  delay  whereby  the  rate  of  fire  in 
said  automatic  mode  is  adjustable. 

10.  The  device  of  claim  9  wherein  said  time  delay 
means  is  responsive  to  the  pressure  in  the  firing  chamber 
and  delays  ignition  of  the  propellant  the  adjustable  time 
interval  after  said  pressure  reaches  said  preset  value. 

•  •  •  •  • 
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ABSTRACT:  To  initiate  liquid-fuel  combustion  or  monofuel 
decomposition,  and  particularly  to  operate  an  impact  cylinder 
by  a  fuel  without  requiring  a  spark  or  hot  point,  part  of  the  fuel 
for  each  stroke  is  injected  into  a  firing  breech  containing  a  gas 
and  sealingly  cooperaring  with  a  firing  pin  which  when 
released  by  a  trigger  fires  this  fud  by  compression  of  the  gas  in 
the  breech  to  reach  firing  pressure  and  temperature,  the 
resultant  pressure  increase  being  utilized  for  opening  commu¬ 
nication  from  the  breech  to  a  main  reaction  chamber  into 
which  the  remainder  of  the  fuel  has  been  Injected  and  also  for 
recocting  the  firing  pin. 
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FIRING  OF  i  FUEL  OR  A  MONOFUEL 

This  invention  relates  to  the  initiation  of  a  chemical  reac¬ 
tion  in  which  a  fuel,  wF.ch  may  be  a  monofuel,  is  utilized  to 
produce  a  hot  gas  mixtire  under  pressure.  Such  reaction  may 
be  the  combustion  of  ;r»  ordinary  fuel,  particularly  a  liquid 
fuel,  or  the  decomposition  of  a  monofuel,  and  hereinafter  the 
term  fuel,  unless  the  context  otherwise  requires,  is  intended  to 
include  monofuel.  A  monofuel,  also  known  as  a  monopropel¬ 
lant  (a  term  used  for  example  in  U.S.  Fat.  No.  2,947,22 1 ),  is  a 
substance  capable  of  developing  heat  by  an  internal  reaction 
not  requiring  the  presence  of  oxygen,  and  the  below-men¬ 
tioned  isopropyl  nitrate  is  one  example  cf  a  monofuel  or  a 
monopropellant  In  both  cases  the  initiation  of  the  reaction, 
also  referred  to  as  the  firing  of  the  fuel,  requires  the  tempera¬ 
ture  of  the  fuei  to  be  raised,  at  least  locally,  to  a  predeter¬ 
mined  minimum  temperature  also  referred  to  as  the  firing 
point,  and  the  present  invention  has  for  an  object  to  provide 
an  improved  system  and  apparatus  for  achieving  this  without 
the  need  of  providing  either  an  electric  spark  or  a  solid  body 
raised  to  incandescent  temperature.  A  further  object  is  to  pro¬ 
vide  a  firing  device  for  a  fuel-and-gas  mixture,  in  which  on  the 
one  hand  firing  is  effected  by  adiabatic  compression  of  a  gas  to 
which  the  fuel  has  been  added  while  on  the  other  hand  the 
pressure  rise  subsequent  to  the  firing  is  kept  relatively  low  so 
as  to  avoid  the  need  of  an  excessively  heavy  construction  of 
the  device. 

According  to  a  broad  aspect  of  the  invention,  which  can  be 
applied  both  to  (he  firing  of  a  monofuel  in  the  presence  of  a 
gas  which  may  be  inert  and  to  the  firing  of  a  mixture  of  other 
fuel  with  sir  or  other  cxygcn-ccr.tair.ing  gas,  a  breech  is 
charged  with  the  fuel  in  the  presence  of  the  gas,  and  the  fuel- 
and-gas  mixture  in  the  breech  is  then  compressed,  to  establish 
spontaneous-firing  conditions,  by  a  spring-loaded  piston  ele¬ 
ment.  hereinafter  called  a  firing  pin,  released  by  trigger  action 
and  free  to  be  moved  back  after  the  firing  by  tlie  increased 
breech  pressure  resulting  from  the  firing,  and  preferably  ar¬ 
ranged  to  be  recocked  by  this  return  movement.  Thus  the 
volume  increase  of  the  firing  chamber  after  ignition  is  not,  as 
in  a  diesel  engine,  limited  by  an  element,  such  as  a  piston  con¬ 
nected  to  a  crankshaft,  whose  movement  is  predetermined,  in 
practice  according  to  a  steady  cycle,  since  the  firing  pin  will 
give  way  with  very  little  inertia  to  the  pressure  resulting  from 
the  firing,  thereby  avoiding  an  excessive  sudden  incre.se  in 
pressure. 

In  a  more  specific  aspect  of  the  present  invention  a  metered 
quant'ty  of  a  liquid  monofuel,  for  example  isopropyl  nitrate  is, 
in  a  cocking  operation,  transferred  from  a  reservoir  into  a 
breech  and  me  monofuel  in  the  breech  is  then  fired  by  com¬ 
pressing  the  gas  in  the  breech  by  the  rapid  movement  of  a 
spring-loaded  piston  or  plunger  which  may  be  referred  to  as 
firing  pin.  when  the  f  ring  pin  is  rr  leased  by  trigger  action  from 
a  cocked  position,  the  firing  pin  being,  immediately  after  fir¬ 
ing.  forced  back  and  thus  cocked  for  the  next  firing  operation 
by  the  breech  pressure  of  the  decomposing  monofuel.  The 
breech  is  further  provided  with  a  port  which,  immediately 
after  the  firing,  establishes  communication  between  the 
breech  and  a  further  portion  of  the  reaction  chamber.  To 
achieve  this,  the  return  movement  of  the  firing  pin  may  open 
the  breech  to  a  mam  portion  of  the  reaction  chamber,  in 
which  before  the  firing  the  mixture  of  gas  and  fuel  or 
monofuel  is  under  a  pressure  substantially  lower  than  the  fir¬ 
ing  pressure.  The  increase  in  pressure  and  tempi  rature  due  to 
the  admission  of  the  fired  gases  from  the  breed,  then  causes 
the  mixture  in  said  main  part  of  the  reaction  i:  uu  .ber  to  be 
also  fired.  The  power  of  the  decomposing  monrfi  el  may  be 
used  to  operate  an  impact  piston  which  operate  against  a 
thrust  spring,  by  which  the  piston  is,  after  each  firing,  returned 
to  its  starting  position,  an  atmospheric  vest  port  being 
preferably  provided  to  vent  the  decomposition  chamber  at  the 
end  of  each  spetating  stroke.  Charging  or  priming  of  the  reac¬ 
tion  chamber,  which  in  this  case  may  also  be  called  the 
decomposition  dumber,  with  liquid  monofuel  from  a 
mono  Kiel  reservoir  is  preferably  effected  by  manual  forward 


movement  and  subsequent  spring-actuated  return  of  a  pump  ~~ 
piston  in  a  pump  cylinder  communicating  through  nonreturn 
valves  with  the  reservoir  and  the  decomposition  chamber.  In 
order  to  permit  ready  adjustment  of  the  quantity  of  monofuel 
5  injected  to  match  the  desired  impact,  an  adjustment  end  stop 
for  the  piston  stroke  is  preferably  combined  with  the  priming 
pump,  whose  piston  is  preferably  arranged  to  aspire  monofuel 
from  the  reservoir  during  its  manually  effected  inward  stroke  _ 
white  a  return  spring  is  compressed  and  to  expel  the  same 
amount  of  monofuel  from  the  priming-pump  cylinder  during  ~ 
the  spring-operated  return  stroke  via  the  passage  in  the  piston 
which  contains  a  nonreturn  valve  and  which  at  the  end  of  the  : 
return  stroke  communicates  with  an  atmospheric  port  so  as  to 
. .  prevent  reliably  the  transmission  of  any  pressure  fiom  the  ' 

3  decomposition  chamber  past  the  nonreturn  valves  in  the 
delivery  line  and  in  the  reservoir  line  to  the  monofuel  reser¬ 
voir. 

Alternatively  the  reaction  chamber  may,  if  desired,  be  ar- 
iq  ranged  to  deliver  gas  to  a  gas  turbine,  more  particularly  to  a 
starter  gas  turbine.  In  that  case  monofuel  is  after  the  firing 
continued  to  be  fed  to  the  reaction  chamber  at  a  steady  rate 
for  as  long  as  the  starter  turbine  is  required  to  be  operated. 

In  order  that  the  invention  may  be  more  readily  understood, 
25  a  number  of  examples  wiU  now  be  described  with  reference  U> 
the  accompanying  drawings,  in  which:  — 

FIG.  I  illustrates  one  form  of  a  firing  system  for  monofuel 
shown  in  axial  section,  together  with  a  single-stroke  piston  in¬ 
tended  to  be  operated  by  the  decomposition  gases,  and  with  a 
50  charging  and/or  priming  pump. 

FIG.  2  is  an  axial  section  of  another  form  of  monofuei- 
ope  rated  piston  device  constructed  according  to  the  inven-  _ 
tion.  “ 

FIG.  3  is  an  axial  section  of  a  priming  pump  for  use 
33  therewith,  and 

FIG.  4  is  an  axial  section,  drawn  to  a  larger  scale,  of  the  inlet 
valve  provided  with  back  p-essure  protection  means. 

Referring  now  fust  tr  FIG.  1,  the  illustrated  device  com¬ 
prises  a  cylinder  band  ’  Laving  a  cylinder  bore  $  in  which  » 
40  impact  or  working  pistor  6  having  a  piston  red  8  is  slidably 
movable  from  its  illustrate  J  normal  position  against  a  return 
spring  7.  In  use  the  piston  is  actuated  by  monofucl-decompon- 
tion  gas  produced  in  a  cylindrical  reaction  chamber  17  coaxial  . 
with,  but  separated  by  a  partition  14  from,  the  cylinder  bore  5, 

4  5  decomposition  gas  being  admitted  from  the  reaction  chamber 
to  the  end  of  the  cylinder  here  5  by  a  passage  IS  in  the  parti¬ 
tion  14.  The  reaction  chamber  17  is  extended  in  the  axial 
direction  of  the  barrel  1  by  a  breech  16  of  smaller  diameter, 
and  arranged  slidably  in  tu  chamber  17  is  a  precompressor  ~ 
50  piston  21,  from  which  a  cylindrical  plunger  18.  hereinafter 
referred  to  as  a  firing  pin,  projects  towards  the  breech  16,  in 
alignment  with  the  latter,  so  as  to  be  movable  into  the  breech, 
in  which  it  is  a  scaling  fit.  The  precompressor  piston  21  is  illus> 
j  j  trated  in  its  cocked  position,  in  which  a  helical  firing  spring  19  - 
3  is  axially  compressed,  and  in  wki  :h  the  piston  21  is  retained  by 
a  detent  or  star  22.  which  is  rrteasable  by  a  trigger  lever  20  at 
this  time  the  reaction  chamber  17  and  the  breech  16  are  filled  ' 
with  a  gaseous  fluid,  which  tr  ay  be  air  or  the  gaseous  products 
of  a  preceding  operation.  The  cocking  and  trigger  means  may 
be  of  any  known  or  suitable  construction,  for  example  be  as 
described  in  U.S.  Pat.  No.  3.366,058.  When  it  is  intended  to 
operate  the  working  piston  6  by  monofuel-decompositian  gas, 
a  suitable  quantity  of  liquid  monofuel.  for  example  of 
65  isopropyl  nitrate,  is  fed  from  the  reservoir  3  into  the  reaction 
chamber  17  by  a  priming  pump  4.  This  pump  is  arranged  to 
meter,  in  a  first  part  of  its  operative  stroke,  a  preselected 
quantity  of  inooofuei  into  the  reaction  clumber  17  proper  by 
a  line  39,  and  to  deliver,  near  the  end  cf  its  eperative  stroke,  a 
70  fixed  small  further  quantity  of  monofuel  into  the  breech  16  by 
a  second  line  40.  When  now  the  precompresror  piston  31  is 
released  upon  actuation  of  the  trigger  20.  the  helical  spring  19 
moves  the  precompressor  piston  rapidly  forward  to  increase 
the  pressure  of  the  gas  contained  in  the  reaction  chamber  17 
75  and,  after  a  suitably  increased  pressure  has  been  reached  in 


3,576,103 


3 

this  chamber,  the  firing  pin  18  enters  the  breech  16,  thereby 
scaling  a  quantity  of  the  thus  precompressed  gas  in  the  breech 
16.  whose  residual  length  is  considerably  less  than  the  remain¬ 
ing  length  of  the  reaction  chamber  17.  Further  movement  of 
the  precompressor  piston  21  and  its  firing  pin  18  wilt  therefore 
cause,  during  the  following  part  of  the  movement  of  piston  21. 
the  pressure  in  the  breech  16  to  rise  much  more  rapidly  than 
that  in  the  chamber  17.  Owing  to  the  small  cross-sectional 
area  of  the  breech  16  compared  to  that  of  tlie  reaction 
chamber  17,  this  final  part  of  u.e  forward  movement  of  the 
piston  structure  21, 18,  which  by  this  time  has  acquired  a  con¬ 
siderable  kinetic  energy,  will  cause  the  pressure  and  tempera¬ 
ture  in  the  breech  16  to  rise  rapidly  to  reach  the  firing  point. 
The  resultant  decomposition  of  monofuel  cause  the  pressure 
in  the  breech  to  rise  further  very  sharply,  and  as  a  result  the 
firing  pin  is  thrown  back  at  a  high  velocity  to  acquire  an  ener¬ 
gy  sufficient  to  return,  assisted  by  the  pressure  in  the  reaction 
chamber,  the  precompressor  piston  21  to  its  illustrated  posi¬ 
tion.  where  it  is  once  more  retained  by  the  detent  22.  As  soon 
as.  during  this  return  movement,  the  firing  pin  18  leaves  the 
brtech  16,  the  decomposition  gases  from  the  breech  enter  the 
main  reaction  chamber  17,  where  the  resulting  increase  in 
pressure  and  temperature  initiates  decomposition  of  the 
r.c  Kjfuel  contained  in  that  chamber.  A  high  pressure  wilt  thus 
be  created  in  the  reaction  chamber  17,  though  this  pressure 
wll  not  be  as  high  as  that  momentarily  developed  in  the 
breech,  because  the  initial  compression  of  the  gases  in 
chamber  17  is  lower  than  that  reached  in  the  breech  at  the 
moment  of  spontaneous  firing.  This  reastton-chamtier  pres¬ 
sure  acts,  through  a  passage  15,  on  the  area  of  an  annular 
recess  10  of  the  working  piston  6,  and  when  the  p  insure  act¬ 
ing  on  this  area  is  high  enough  to  overcome  the  force  of  the 
return  spring  7,  the  impact  or  working  piston  6  begins  to  move 
away  from  the  partition  14  which  separates  the  cylinder  5 
from  tne  reaction  chamber  17,  thus  allowing  the  reaction- 
chamber  pressure  to  reach  the  whole  area  of  the  working 
piston  6.  This  piston  is  thus  given  a  high  rate  of  acceleration  to 
reach  a  high  speed  which  may  be  utilized  in  ar.  impact  tool  in 
any  known  or  convenient  manner. 

The  priming  pump  4  comprises  a  piston  red  23  equipped 
with  a  stepped  pump  piston  26.  Tne  latter  slides  in  a  pump 
cylinder  25  and  is  urged  by  a  bias  spring  27  towards  the  illus¬ 
trated  end  position.  When  it  is  desired  to  prime  the  system,  the 
pump  piston  26  is  moved  against  the  bias  spring  27  by  pressing 
a  knob  24  mounted  on  the  end  of  the  piston  rod  23.  This  in¬ 
ward  stroke  of  the  pump  piston  26  is  limited  by  abutment  of  an 
adjustable  stop  nut  38  against  the  end  of  the  pump  cylinder 
25.  adjustment  of  the  kr.ob  serving  to  determine  the  amount  of 
r.ionofuel  injected  at  etch  reciprocation  in  accordance  with 
the  momentary  requirements  of  the  system.  The  pump 
cylinder  25  has  three  apertures  or  ports  23,  29  and  29a,  of 
which  the  first-mentioned  aperture  28  communicates  with  the 
monofuel  reservoi  •  3  through  a  nonreturn  valve  35,  while  the 
apertures  29  and  .i9a  lead  respectively  through  line  39  to  the 
main  reaction  chamber  17  and  through  line  40  to  the  firing 
breech  16,  each  of  the  lines  39  and  40  being  fitted  with  a  non¬ 
return  valve  37  and  37a  respectively.  A  longitudinal  passage 
31  is  provided  in  the  pump  piston  26  and  the  piston  rod  23  and 
communicates  with  three  radial  ports  32,  33  and  33a.  The 
first-mentioned  port  32  permanently  communicates  with  the 
fi-.t-mentioned  pump-cy!i  ider  f  art  28  through  the  end  por- 
ti  a  25a  of  the  bore  of  pump  cylinder  25,  while  the  other  two 
ports  33  and  33a  of  the  p.iton  6  respectively  communicate 
with  longitudinal  channels  36  an:l  36a  at  die  circumference  of 
the  pump  piston  26  in  sich  manner  that,  when  the  pump 
piston  26  returns  to  its  iliiatrated  position  after  the  knob  24 
ha;  been  depressed,  channel  36  first  allows  monofuel  dis¬ 
placed  by  the  pi  ton  from  the  said  end  chamber  25 a  of  the 
cylinder  25  to  flow  to  the  main  decomposition  chamber  17 
while,  from  a  predetermined  point  shortly  before  the  end  of 
the  return  stroke  of  the  pump  piston  the  channel  36  leaves  the 
second  cylinder  port  79  but  the  other  channel  36a  begins  to 
communicate  with  the  third  cylinder  port  29a  thus  ensuring 
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that,  irrespective  of  the  amount  of  work  required  to  be  doiu 
by  the  decomposition  products.  The  firing  breech  16  is  alway 
fed  with  a  metered  quantity  of  monofue!  suitable  to  ensure  op¬ 
timum  firing  conditions,  while  variation  of  the  power  output  o 
5  the  device  is  achieved  by  varying  the  amount  of  monofuel  fee 
to  the  mam  reaction  chamber  17. 

It  will  be  readily  appreciated  that,  while  the  invention  ha- 
been  described  as  applied  to  an  impact  piston,  the  same  prin 
ciple  of  operation  can  also  be  applied  to  other  uses,  for  exam 
pie  for  initiating  the  operation  of  a  continuously  opera tinf 
device  such  as  a  starter  gas  turbine.  For  this  purpose  the  pistor 
6  may  be  constructed  as,  or  replaced  by,  a  pressurizing  valv< 
which  remains  closed  until  the  pressure  in  the  reactioi 
.  chamoer  17  reaches  a  predetermined  value,  and  an  additions 
3  fuel  pump,  suitable  to  provide  a  continuous  steady  supply  o 
monofuel  to  the  reaction  chamber  17,  is  provided  and  ar 
ranged  to  commence  operation  when,  or  shortly  before  tht 
piston  21  and  firing  pin  18  is  released  to  initiate  monofue 
2q  decomposition  in  the  breech  26. 

When  it  is  required  to  replenish  the  monofuel  in  the  reser 
voir  3.  this  can  be  done  by  opening  a  lateral  cover  41  providet 
for  the  purpose.  Finally  it  will  be  appreciated  that,  while  tht 
invention  is  mainly  intended  for  use  with  monofuel  such  a 
25  isopropyl  nitrate,  it  is  also  capable  of  being  operated  with  fuel: 
requiring  oxygen  for  combustion,  for  example  with  petrol  o; 
with  diesel  oil.  provided  that  in  that  case  arrangements  art 
made  to  ensure  for  each  operation  the  presence  of  corn 
bustion-sustaining  gas.  generally  air,  in  the  reaction  chambe 
30  i 7  at  a  suitable  quantitative  ratio  to  tne  mono! uel. 

Another  embodiment  of  the  invention  is  illustrated  in  FIGS 
2  to  4,  in  which  the  same  reference  numbers  as  in  FIG.  1  havt 
been  employed  for  parts  performing  the  same  functions. 

Referring  now  to  FIG.  2,  and  concentrating  on  the  feature 
35  which  differ  from  those  of  FIG.  1.  it  will  be  noticed  that  the  fir 
ing  pin  18.  instead  of  being  attached  to  a  precompressioi 
piston  as  that  shown  at  21  in  FIG.  I.  is  attached  to  a  guide  roc 

43  provioed  with  a  spring  abutment  head  42.  on  which  the 
spring  19  acts,  and  which  is  freely  movable  in  a  vented  bon 

40  71.  The  movement  of  the  head  42  is  so  limited  by  a  shoulde 

44  on  its  guide  rod  43  that  Lie  end  of  the  'iring  pin  18  remain 
permanently  engaged  in  a  breech  45  which  latter,  like  tb 
breech  16  of  FIG.  1,  is  formed  in  the  partition  14  that  form 
the  end  wall  of  the  working  cylinder  5;  but  in  contrast  to  th< 

43  construction  of  FIG.  I,  the  breech  45  is  forme>‘  as  a  througi 
bore.  As  a  means  for  retaining  the  firing  pin  in  the  cocket 
position,  a  simple  spring-loaded  trigger  pin  32  is  shown,  whid 
however  may.  if  desired,  be  equipped  with  means  which  en 
sure  its  reengagement  as  soon  zs  the  firing  pin  18  and  spring 
30  abutment  head  42  return  to  tU  ..lust rated  position  after  firing 

The  guide  rod  43  is  adapiec',  as  shown,  to  be  manual! 
withdrawn  to  enable  the  firing  inn  IS  to  be  cocked  manual! 
when  it  has  been  released  in  Lie  absence  of  a  charge.  Th 
j  j  spring-loaded  piston  6  is  formed  with  a  central  boss  46  which 
when  the  piston  is  held  in  its  illjitrated  end  position  by  th 
spring  7,  seals  the  exit  from  the  through-bore  breech  45  inti 
the  cylinder  bore  5.  which  forms  the  reaction  chamber  while 
peripheral  collar  47  of  the  piston  6  keeps  the  end  surface  c 
the  piston  slightly  spaced  from  the  partition  14  to  form  an  ar 
nu Ur  chamber  9  surrounding  th;  boss  46.  The  passage  4 
through  which  the  variable  greater  portion  of  the  monofuel  i 
supplied  from  die  priming  pump  4  for  the  op: ration  of  th 
working  piston  6.  is  arranged  to  lead  into  this  annular  chambe 
65  9  t  a  an  inlet  check  valve  48a  and  a  similar  inlet  check  valv 
4£  is  interposed  in  the  passage  39  which  feeds  an  invariabl 
small  quantity  of  monofuel  into  the  breech  45  for  firing  put 
poses.  As  will  be  seen  in  FIG.  4,  the  housing  of  the  inlet  valv 
48  is  provided,  to  the  back  of  its  valve  seat  49,  with  a  crosi 
70  bore  50  intersecting  the  flow  passage  51  leading  to  the  valv 
seat  49,  and  this  cross-bore  50  is  normally  closed  by  a  bursU 
disc  52.  Should  for  any  reason  the  valve  fail  to  prevent  bac 
pressure  from  the  firing  breech  45  or  from  the  pressurized  er 
of  the  cyiirder  bore  5  from  reaching  the  passage  51,  which 
75  isoUted  from  the  monofuel  reservoir  by  one  of  the  delivei 
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valves  37  and  37a  of  the  priming  pump  4,  the  resultant  pres* 
sure  buildup  in  the  passage  51  will  burst  the  disc  52,  thus  vent¬ 
ing  the  passage  51  to  a  point  at  low  pressure  and  avoiding  any 
risk  of  transmission  of  firing  pressure  back  to  the  monofuel 
reservoir. 

Referring  now  to  the  construction  of  the  priming  pump  il¬ 
lustrated  in  FIG.  3,  it  will  be  noticed  that  this  pump  has  been 
modified  from  that  shown  in  FIG.  1.  Thus  the  actuating  knob 
34  of  the  construction  of  FIG.  3  combines  the  functions  of  the 
actuating  knob  24  and  of  the  adjuster  nut  38  of  FIG.  1.  and  in¬ 
stead  of  arranging  for  a  single  pump  piston  26  to  feed  in  suc¬ 
cession  first  a  variable  quantity  of  monofuel  to  the  main  reac- 


taneously.  The  resulting  pressure  rise  in  the  breech  45  n 
only  moves  the  firing  pin  back,  cocking  it  for  a  fresh  firii 
operation,  but  also  acts  on  the  boss  46  of  the  working  pis  i 
to  move  the  boss  out  of  the  breech  45,  thus  establishing  r 
m unication  of  the  breech  with  the  main  reaction  chamber 
so  as  to  fire  the  main  quantity  of  mon  afuel  which  has  been  f< 
to  the  reaction  chamber  via  passage  40.  Moreover  the  : 
sure  of  the  decomposition  gases  will  now  act  on  the  whole”  < 
of  the  piston  6  as  distinct  from  acting  only  on  the  area 
responding  to  the  cross  section  of  the  boss  46  as  it  was  prior 
the  establishing  of  communication  between  the  breech  45  =>r 
the  annular  chamber  9. 


tkm  chamber  and  then  a  r  >  taller,  fixed  quantity  to  the  breech, 
the  single  piston  26  has  be.-n  replaced  by  a  main  pump  piston 
52.  which  serves  for  the  supply  of  monofuel  by  a  line  40  to  the 
annular  chamber  9  surrounding  the  boss  46  of  the  working 
piston  6,  and  this  main  piston  52  has  a  coaxial  bore  S3,  in 
which  an  auxiliary  piston  54  is  movable  relative  to  the  main 
piston  !2  between  a  normal  position,  to  which  the  auxiliary 
piston  is  urged  by  a  spring  55,  and  in  which  the  auxiliary  piston 
54  is  arrested  by  engagement  of  a  pin  56,  projecting  from  the 
main  piston  into  a  groove  57  of  the  auxiliary  piston,  with  the 
end  of  that  groove,  and  a  second  position,  in  which  a  shoulder 
58  of  the  piston  rod  23  terminates  the  inward  movement  of  the 
auxiliary  piston  54  into  the  coaxial  bore  53.  Fuel  from  the 
monofuel  reservoir  is  admitted  by  tie  inlet  valve  35  to  an  an¬ 
nular  chamber  59  which  surrounds  the  pump-piston  rod  23 
and  whit  h  communicates,  via  intersecting  bores  60, 61  ar.d  a 
check  vu.ve  62,  with  the  bore  53  containing  the  auxiliary 
piston  54  and,  via  a  bore  63  and  a  longitudinal  groove  £4  in 
the  main  piston  52,  with  the  delivery  valve  1-7  wnich,  via  line 
39,  leads  to  the  breech  45.  The  preloadi.tg  of  the  spring  27, 
which  ho.ds  the  main  pump  piston  52  in  it*  rormal  position,  is 
so  choser  as  to  retain  when,  by  pressing  the-  actuating  knob 
34,  the  nii.ton  rod  23  is  moved,  the  main  pi  -inn  52  until  the 
auxil  ary  piste n  54  has  completed  its  full  perw  tted  stoke  thus 
delivering  a  pi  edetermined  quantity  of  mono  In'..  I  to  the  breech 
clumber  45.  Continued  inward  movement  of".,:  knob  34  then 
causes  the  main  piston  52  to  move  jointly  will  ,  the  continued 
forw  ard  movement  of  the  auxiliary  piston  54,  Hereby  increas¬ 
ing  the  capacity  of  the  annular  chamber  59  surrounding  the 
piston  n>a  23  -md  thus  aspiring  monofue!  from  the  reservoir 
through  ths  inlet  valve  35.  When  the  knob  34  is  now  released, 
the  spring  27  '-ill  return  the  main  pump  piston  52,  and  the 
spring  55  will  a!  the  same  time  return  the  auxiliary  piston  54  to 
its  original  position  relative  to  the  main  piston  thus  causing  ini¬ 
tially  mor.ofuel  from  the  annular  chamber  59  to  be  transferred 
to  the  bore  53  constituting  the  auxiliary  cylinder  in  which  the 
auxil  ary  piston  wc  'cs,  ar.d  when  this  auxiliary  cylinder  has 
beer  fully  charged,  continued  return  movement  of  the  main 
piste  i  52  will  cause  the  residue  of  tITe  aspired  monofuel  to  be 
expe  ed  via  delivery  valve  37 a  and  line  40  to  the  annular 
chamber  9  which  constitutes  the  reaction  chamber  in  the  main 
cylinder  bore  5  of  the  batrel  1.  It  will  be  observed  that  in  this 
manner  the  charging  of  the  breech  is  effected  during  the 
depression  of  the  knob  34  while  the  annular  chamber  9  is 
charged  during  the  return  movement  of  the  knob  34  and 
piston  rod  23. 

When  the  auxiliary  piston  54  has  returned  to  its  initial  posi¬ 
tion  relative  to  the  main  pump  piston  52  while  the  latter  con¬ 
tinues  its  return  movement,  some  of  the  fuel  expelled  from  the 
annular  chamber  59  might  flow  via  passages  60. 61,  valves  62, 
cylinder  bore  53,  and  valve  37  into  the  breech  chamber  45, 
and  to  prevent  this  tie  pressure  drop  m  the  two  series-con¬ 
nected  nonreturn  valves  62  and  37  is  arranged  to  be  ap- 


The  main  cylinder  5  is  formed  with  an  exhaust  pot  t 
which  is  exposed  when  the  piston  6  has  moved  a  predete 
*  ®  mined  distance  from  its  illustrated  normal  position.  This  e 
haust  port  65  will  open  to  atmosphere,  as  shown,  by  a  ; 
mosphenc  port  66  when  the  piston  6  is  to  work  as  an  in  - 1 
piston  or  a  reciprocating  piston  and  constitutes  the  ou-p 
member,  but  alternatively,  as  indicated  by  the  provision  of 
three-way  cock  67,  the  port  65  may  be  connected  to  an  or's 
line  68  at  which  a  continuous  supply  of  decompositkN  ; 
may  be  required,  for  example  when  as  shown  the  line  68  .< 

to  a  gas  turbine  69.  In  order  to  provide  such  continuous  g: 
supply,  the  monofuel  supply  line  40  leading  to  the  wp&r 
3  chamber  9  will,  after  firing,  be  connected  to  a  conut  >t 
supply  source  70  cf  monofuel,  which  may  be  of  a  constru  c 
described  in  U.S.  PaL  No.  2,874,764  or  in  U.S.  Pat.  N. 
3,146,591  and  may,  as  in  thtse  cases,  include  a  gear  purr 
driven  by  the  turbine.  The  pressure  of  the  decompo  c 
gases  will  then,  as  long  as  the  supply  of  monefuel  conti  e 
hold  the  piston  6  in  a  position  in  which  it  allows  the  passage « 
the  gases  through  outlet  65. 

I  claim: 

35  1.  A  device  for  firing  a  mixture  of  a  liquid  fuel  as  oefin 

the  specification  and  a  gas.  which  comprises  a  body  inch  .  r 
a  reaction  chamber  and  a  breech  bore  extending  from  tl 
reaction  chamber  and  having  a  substantially  smaller  diameti 
than  the  reaction  chamber,  said  breech  bore  having  a  cyl  Ir 
40  cal  portion,  first  closure  means  movable  longitudinally  t  1 
breech  bore  between  a  closed  position  in  which  said  first  ck 
sure  means  isolates  the  breach  bore  from  the  reactii 
chamber  and  an  open  position  in  which  it  permits  free  r. 
munication  between  the  breech  bore  and  the  rea  c 
45  chamber,  spring  means  urg  ng  said  first  closure  means  to  sa 
closed  position,  second  closure  means  dosing  the  other  end  • 
the  breech  bore,  a  firing  pin  guided  in  said  body  for  move 
along  the  axis  of  said  breech  bore  between  a  first  positio  j 
a  second  position  said  firing  p ri  constituting  one  of  saic.  ",t 
50  and  second  closure  means  and  including  a  cylindrical  por:k. 
which  is  a  sealing  fit  in  said  cylindrical  bore  portion  and 
movable  therein  towards  the  other  of  said  cloture  mea 
compress,  when  rapidly  moved  f'om  said  first  position  u  ■- 
second  position  gaseous  fluid  in  said  breech  bore  sufficient 
55  to  ensure  firing  of  such  mixture  in  the  breech  by  adi&xit 
compression,  spring  means  urging  said  firing  pin  to,  l 
second  position,  detent  means  for  releasably  holding  sa-  fi 
ing  pin  in  said  first  position,  detent-reiease  means  operate  i 
release  said  detent  means  and  charging  means  associated  «i‘ 
60  said  body  and  operable  to  supply  fuel  to  said  reaction  cha'lx 
and,  prior  to  each  release  of  said  detent  means,  to  said  b  st 
bore,  said  body  also  including  conduction  means  for  ret  ic 
gases  from  said  reaction  chamber  to  permit  such  gases  i 
produce  mechanical  power. 

65  2.  A  device  as  claimed  in  claim  1,  wherein  the  chi  h 

means  include  a  sing!c-stoke  priming  pump  arranged  to  s  p 
fuel  tc  both  the  breech  and  the  reaction  chamber  in  L 


preciably  greater  than  the  pressure  drop  in  t.>e  single  non-  dividuiRy  metered  quantities. 

return  valve  37 a  provided  in  the  line  to  the  main  reaction  3.  A  device  as  claimed  in  dabr  2,  wherein  the  pr‘  it 
chamber  9.  70  pump  includes  means  for  adjusting  the  quantity  of  fie  ii 

When,  after  the  priming  pump  4  has  been  operated,  the  plied  to  the  reaction  chamber  without  alTecting  the  quanw./' 

trigger  pin  32  is  pulled,  the  cocking  spring  19  is  freed  to  prop>*l  fud  supplied  to  the  breech. 

the  filing  pin  18  rapidly  into  the  breech  45  to  compress  the  gas  4.  A  device  as  claimed  in  claim  1,  wherein  said  bor4-  i 


contained  therein  until  ti.e  pressure  and  temperature  in  the  eludes  a  monofue!  reservoir  associated  with  said  chi  ii 
breech  causes  the  monofuel  in  the  breech  to  decompose  spon-  75  means. 
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5.  A  device  as  claimed  in  claim  1 ,  for  use  in  connection  with  firing  pin  along  a  path  that  includes  a  first  position  in  which 

a  gas  turbine,  wherein  the  charging  means  include  means  said  sealing  portion  is  wholly  outside  said  cylindrical  bore  por- 

operable.  after  the  release  of  the  d'tcni  means,  to  direct  a  ticn  to  permit  free  communication  between  said  reaction 
continuous  supply  of  fuel  to  the  rear,  ion  chamber,  the  device  chamber  and  said  breech  bore,  and  a  second  position  in  which 
including  a  pressurizing  valve  rendering  said  conduction  5  said  sealing  portion  of  the  firing  pin  is  in  engagement  with  said 
means  ineffective  until  the  pressure  in  the  reaction  chamber  cylindrical  bore  portion  so  that  rapid  movement  of  the  firing 
reaches  a  predetermined  valve.  pin  front  said  first  position  to  said  second  position  will  trap  a 

6.  A  device  as  claimed  in  claim  1  wherein  the  breech  bore  volume  of  fluid  m  said  breech  bore  and  compress  it  suffi- 

is  a  socket  bore  closed  at  its  end  vimote  from  the  reaction  ciently  to  ensure  firing  of  such  mixture  in  said  breech  bore, 

chamber,  and  which  includes  means  in  said  body  guiding  said 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


70 


•  . 


75 


United  States  Patent  n9] 

Singelmann  et  al. 


HU 

[45] 


4,099,445 

Jul.  11, 1978 


[54]  PRESSURE  DIFFERENTIAL 

PISTON-COMBUSTION  CHAMBER  SYSTEM 

[75]  Inventors:  Dietrich  Singelmann,  Ottobrunn; 

Heinrich  Strobl,  Munich;  German 
Munding,  Bad  Friedrichshall,  all  of 
Germany 

[73]  Assignee:  Messerschmitt-Bolkow-Blohm 
GmbH,  Munich,  Germany 

[21]  Appl.  No.:  862,637 

[22]  Filed:  Sep.  22, 1969 

[30]  Foreign  Application  Priority  Data 
Aug.  21,  1968  [DE]  Fed.  Rep.  of  Germany .  1728077 

[51]  Int.  CM .  F41F  1/04 

[52]  U.S.  Cl .  89/7;  89/8 

[58]  Field  of  Search .  60/26.1;  89/1,  7,  8 

[56]  References  Cited 

U.S.  PATENT  DOCUMENTS 

2,981,153  4/1961  Wilson.  Jr.  et  al  .  89/7 

2,986,072  5/1961  Hudson  .  89/7 

3,138,990  6/1964  Jukes  et  al .  89/7 

Primary  Examiner — David  H.  Brown 

Attorney,  Agent,  or  Firm — Toren,  McGeady  and  Stanger 

[57]  ABSTRACT 

A  propelling  or  driving  force  generating  system  for 


propelling  a  device  such  as  projectile  in  a  fire  arm  com¬ 
prises  a  combustion  chamber  cylinder  formed  at  the  end 
of  a  barrel  containing  a  bore  for  the  passage  of  a  projec¬ 
tile  and  in  which  is  movable  in  pressure  differential 
piston.  The  piston  includes  an  annular  ring  portion  hav¬ 
ing  surfaces  on  respectively  axially  opposite  ends  which 
are  exposed  to  pressure  forces  existing  in  intermediate 
chambers  defined  between  these  surfaces  and  end  walls 
of  the  surrounding  cylinder  in  widened  annular  portions 
of  the  cylinder.  The  cylinder  and  piston  are  provided 
with  one  or  more  passages  for  the  passage  of  a  propel¬ 
lant  component  into  the  combustion  chamber.  The  vari¬ 
ous  propellant  components  which  are  preferably  of  a 
nature  such  that  they  will  react  hypergolically,  are 
connected  through  valve  means  in  these  passages  and 
by  a  central  plunger  element  of  said  valve  means  into 
the  combustion  chamber.  Reaction  of  the  components 
generates  combustion  gases  in  the  combustion  chamber 
to  force  the  piston  backwardly  in  a  working  stroke  and 
to  produce  a  force  for  expelling  the  projectile  through 
the  bore  at  the  opposite  end  of  the  combustion  chamber. 
The  construction  is  characterized  by  an  arrangement 
which  provides  an  additional  moving  force  on  the  pis¬ 
ton  in  order  to  aid  its  working  stroke  movement  at  the 
initial  stage  of  such  movement. 


10  Claims,  3  Drawing  Figures 
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PRESSURE  DIFFERENTIAL 
PISTON-COMBUSTION  CHAMBER  SYSTEM 

SUMMARY  OF  THE  INVENTION  5 

This  invention  relates  in  general  to  the  construction 
of  a  driving  force  generating  system  and  in  particular  to 
a  new  and  useful  device  for  producing  a  driving  force 
for  propelling  projectiles,  such  as  in  a  fire  arms,  and 
which  includes  a  moving  pressure  differential  piston  10 
which  is  moved  by  the  force  of  gases  generated  in  a 
combustion  chamber  and  which  is  also  aided  in  its 
movement  by  an  additional  force. 

The  present  invention  is  particularly  concerned  with 
the  production  of  a  pressure  differential  piston  combus-  IS 
tion-chamber  system  for  the  production  of  propelling 
gases  from  liquid  propellant  components,  particularly 
hypergolically  reactive  components,  and  particularly 
for  use  in  propelling  a  projectile  from  a  fire  arm.  The 
system  of  the  invention  has  a  guide  cylinder  for  the  20 
pressure  differential  piston  which  forms  a  combustion 
chamber  casing.  The  front  end  face  of  the  piston  closes 
an  inner  space  of  the  combustion  chamber  and  the  op¬ 
posite  end  forms  together  with  parts,  which  are  station¬ 
ary  or  fast  on  the  casing,  distribution  chambers  for  the  25 
propellant  components.  A  projecting  annular  ring  por¬ 
tion  of  the  piston  moves  in  an  annular  widened  passage 
of  the  cylinder  and  the  forward  and  return  movement  of 
the  piston  are  aided  by  the  pressure  forces  acting  on 
each  end  of  the  piston  ring  portion.  The  pistion  is  urged  30 
backwardly  during  the  combustion  in  the  combustion 
chamber  by  the  combustion  chamber  gas  pressures  and 
while  so  doing  it  creates  an  injection  pressure  for  feed¬ 
ing  the  fuel  components  into  the  combustion  chamber. 

U.S.  Pat.  No.  3,138,990,  discloses  a  rapid  fire  weapon  35 
which  is  actuated  by  a  pressure  differential  piston-com¬ 
bustion  chamber  system.  In  this  weapon  the  pressure 
gases  which  propel  the  projectile  out  of  the  barrel  are 
produced  in  the  combustion  chamber  by  means  of  two 
liquid  fuel  components  which  react  hypergolically  with  40 
each  other.  In  such  a  construction  the  injection  of  the 
fuel  is  initiated  at  the  front  reversing  point  of  the  pres¬ 
sure  differential  piston  and  a  partial  amount  of  the  two 
fuel  components  is  first  conveyed  or  injected  into  the 
front  region  of  the  combustion  chamber  by  means  of  the  45 
fuel  container  pressures.  Due  to  the  reaction  of  the 
propellant  components  a  combustion  pressure  builds  up 
at  this  location  and  acts  against  the  front  of,the  piston 
and  annular  end  sides  of  the  pressure  differential  piston 
and  moves  the  piston  back  after  having  overcome  an  50 
initial  counterforce  which  is  caused  by  a  pressure  me¬ 
dium.  In  so  doing  the  previously  injection  quantities  of 
propellant  components  are  put  under  pressure  by  ring 
members  of  the  pressure  differential  piston  in  annular 
spaces  or  distribution  chambers  and  they  are  injected  55 
into  the  combustion  chamber.  At  the  same  time,  check 
valves  or  non-return  valves  automatically  close  in  a 
direction  toward  the  fuel  containers  or  supply  tanks. 
Since  the  front  annular  end  face  which  faces  the  inner 
space  of  the  combustion  chamber  is  larger  than  the  end  60 
face  of  the  two  ring  members  which  press  on  the  quanti¬ 
ties  of  propellant  components,  a  differential  action  sets 
in  whereby  the  injection  pressure  at  any  given  moment 
is  larger  than  the  respective  inner  pressure  of  the  com¬ 
bustion  chamber. 

In  order  to  obtain  a  favorable  inner  ballistic  condition 
it  is,  according  to  a  theory  of  shooting,  necessary  that 
pressure  gases  which  are  produced  by  combustion  of  an 


2 

amount  of  gun  powder  which  is  weighed  into  cartridges 
used  in  a  conventional  fire  arm  and  which  pressure 
gases  drive  the  projectile  out  of  the  barrel,  react  at  a 
high  starting  pressure  in  order  to  impart  the  projectile 
with  a  large  initial  acceleration  and  thus  a  high  muzzle 
speed.  It  is  true  that  the  known  fire  arms  which  operate 
on  the  pressure  differential  combustion  chamber  princi¬ 
ple  for  producing  high  pressure  gases  have  certain  ad¬ 
vantages  such  as  the  saving  of  cartridges,  less  weight 
and  less  sensitivity  of  the  used  propellants.  However, 
the  known  fire  arms  which  operate  on  this  principle 
have  a  disadvantage  in  respect  to  large  initial  accelera¬ 
tion  and  muzzle  speed.  This  is  true  because  in  the  initial 
stage  of  the  inner  ballistic  procedure,  that  is,  in  the  front 
reversing  position  of  the  pressure  differential  piston,  the 
injection  pressure  energy  which  is  produced  will  be 
merely  that  of  the  relatively  low  fuel  supply  container 
pressure.  This  causes  a  relatively  flat  rise  of  the  pressure 
as  indicated  in  the  pressure-path  diagram  or  in  the  inner 
ballistic  work  diagram.  The  pressure  peak  which  is 
determinitive  for  a  large  initial  acceleration  of  the  pro¬ 
jectile  is  obtained  too  late  and  with  a  loss  of  time  in  the 
form  of  an  undesired  staying  period  and  only  after  the 
combustion  chamber  pressure  starts  operating  and  the 
increase  of  the  injected  propellants  take  place  as  a  result 
thereof. 

The  present  invention  overcomes  the  disadvantages 
of  the  prior  art  by  providing  a  driving  force  generating 
system  in  which  the  propelling  gases  have  a  steep  pres¬ 
sure  increase  in  respect  to  their  pressure  path  diagrams 
so  that  they  are  made  suitable  for  fields  of  utilization 
which  require  such  steep  pressure  increase  particularly 
for  fire  arms.  With  the  invention  the  pressure  differen¬ 
tial  piston  is  driven  at  the  beginning  of  its  working 
stroke  during  the  initial  phase  of  its  movement  by  means 
of  a  special  additional  moving  force.  This  additional 
moving  force  is  active  when  the  combustion  chamber 
pressure  has  not  achieved  a  sufficiently  high  driving 
force  value  and  when  a  very  large  amount  of  propellant 
is  injected  into  the  combustion  chamber.  This  produces 
an  extremely  large  build-up  of  the  combustion  chamber 
pressure  to  initiate  the  backward  movement  of  the  pres¬ 
sure  differential  piston. 

In  accordance  with  one  feature  of  the  invention  the 
additional  driving  force  is  provided  by  utilizing  the 
kinetic  energy  of  the  forward  moving  pressure  differen¬ 
tial  piston.  This  is  effected  by  providing  a  gas  spring  or 
mechanical  spring  action  on  the  piston  so  that  for  exam¬ 
ple  the  spring,  or  its  force,  is  increased  or  tensioned  by 
the  retreating  movement  of  the  piston  and  will  react  on 
the  piston  to  create  an  initial  driving  force  in  a  working 
direction. 

In  a  further  embodiment  of  the  invention,  the  addi¬ 
tional  driving  force  is  obtained  by  the  use  of  an  extrane¬ 
ous  pressure  source  which  is  obtained,  for  example,  by 
connecting  the  cylinder  to  a  storage  tank  of  a  gas  such 
as  air  which  is  maintained  under  pressure.  One  or  more 
pressure  supply  valves  may  be  built  into  the  combustion 
chamber  casing  in  the  region  adjacent  the  annular  ring 
portion  of  the  pressure  differential  piston.  Such  valves 
are  provided  with  sensing  means  which  project  into  the 
path  of  the  piston  and  are  contacted  during  the  return 
movement  of  the  piston  to  supply  the  gas  under  pres¬ 
sure  against  a  face  of  the  piston  to  move  it  in  an  opposite 
65  direction  in  a  working  stroke.  A  similar  arrangement 
may  be  employed  at  each  end  of  the  piston  stroke  in 
order  to  facilitate  both  the  working  stroke  and  the  re¬ 
turn  stroke. 
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Accordingly,  it  is  an  object  of  the  invention  to  pro¬ 
vide  improved  driving  force  generating  system  for  pro¬ 
pelling  a  device  such  as  a  projectile  which  includes  a 
differential  pressure  piston  which  is  movable  in  the 
cylinder  formed  at  the  end  of  a  barrel  having  a  bore  for  5 
the  movement  of  a  projectile  therethrough,  for  exam¬ 
ple,  and  wherein  the  piston  is  moved  backwardly  in  a 
working  stroke  by  the  forces  of  gases  generated  within 
the  combustion  chamber  and  fed  into  the  chamber  by 
the  movement  of  the  piston,  and  wherein  an  additional  10 
force  acts  on  the  piston  during  the  initial  portion  of  its 
working  stroke  in  order  to  move  it  more  rapidly  during 
this  portion. 

A  further  object  of  the  invention  is  to  provide  a  fire 
arm  device  which  includes  a  combustion  chamber  for  15 
the  end  of  the  barrel  having  a  bore  for  the  passage  of  a 
projectile  therethrough,  and  which  includes  a  pressure 
differential  piston  which  is  slidable  in  the  combustion 
chamber,  the  combustion  chamber  having  means  for 
injecting  propellant  components  therein  preferably  20 
components  which  react  hypergolically,  and  wherein 
the  piston  includes  a  widened  ring  portion  having  re¬ 
spectively  opposite  directed  axially  spaced  end  faces 
which  are  acted  upon  by  additional  force  means  such  as 
a  spring  or  a  gas  under  pressure  to  move  it  during  an  25 
initial  period  in  each  direction  of  movement  and  partic¬ 
ularly  for  effecting  a  steep  pressure  increase  in  the  com¬ 
bustion  chamber  in  order  to  make  the  propellant  pro¬ 
ducible  therein  suitable  for  use  in  driving  a  projectile. 

A  further  object  of  the  invention  is  to  provide  a  driv-  30 
ing  force  generating  system  which  is  simple  in  design, 
rugged  in  construction  and  economical  to  manufacture. 

The  various  features  of  novelty  which  characterize 
the  invention  are  pointed  out  with  particularity  in  the 
claims  annexed  to  and  forming  a  part  of  this  specifica-  35 
tion.  For  a  better  understanding  of  the  invention,  its 
ope  ating  advantages  and  specific  objects  attained  by  its 
use,  reference  should  be  had  to  the  accompanying 
drawings  and  descriptive  matter  in  which  there  are 
illustrated  and  described  preferred  embodiments  of  the  40 
invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  drawings: 

FIG.  1  is  a  longitudinal  sectional  view  of  a  driving  45 
force  generating  system  constructed  in  accordance  with 
the  invention; 

FIG.  2  is  a  partial  sectional  view  similar  to  that  indi¬ 
cated  in  FIG.  1  of  another  embodiment  of  the  invention; 
and  50 

FIG.  3  is  a  partial  sectional  view  similar  to  FIG.  1  of 
still  another  embodiment  of  the  invention. 

GENERAL  DESCRIPTION  OF  THE 

PREFERRED  EMBODIMENTS  J5 

Referring  to  the  drawings  in  particular  the  invention 
embodied  therein  as  indicated  in  FIG.  1,  comprises  a 
pressure  differential  piston  generally  designated  2 
which  slides  in  a  cylinder  or  combustion  chamber  cas¬ 
ing  generally  designated  1.  The  piston  2  includes  a  cen-  60 
tral  piston  portion  having  a  front  face  3  which  extends 
into  a  combustion  chamber  33  which,  in  the  embodi¬ 
ment  illustrated,  is  formed  at  the  end  of  a  projectile 
barrel  50  having  a  passage  52  therethrough  for  the  pas¬ 
sage  of  a  projectile  41.  65 

The  piston  2  includes  an  elongated  inner  piston  part  4 
having  a  bore  defining  a  guide  for  valve  means  which 
includes  a  plunger  16  and  plate  valves  24.  Tire  piston  2 
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also  includes  a  central  cylindrical  piston  portion  6 
which  slides  in  the  combustion  chamber  33  and  which 
has  at  its  trailing  or  rear  end  a  widened  annular  portion 
or  ring  7. 

Two  propellant  components  such  as  an  oxygen  and  a 
liquid  fuel  are  stored  in  supply  containers  or  tanks  8  and 
9,  respectively  and  they  are  connected  through  axially 
elongated  passages  10  and  11  defined  in  an  end  plate  52 
which  is  secured  over  an  end  cylinder  wall  54.  The 
inner  or  lower  end  of  the  passages  10  and  11  communi¬ 
cate  to  annular  spaces  having  valve  means  in  the  form 
of  individual  plate  valves  24.  The  inner  annular  passage 
which  communicates  with  the  elongated  passage  10  for 
the  oxygen  communicates  through  the  valve  means  to 
an  axially  elongated  passage  13  terminating  in  an  annu¬ 
lar  distribution  chamber  or  pump  chamber  14  defined 
between  the  cylinder  end  wall  54  and  the  piston  interior 
portion  4.  The  outer  annular  passage  which  communi¬ 
cates  with  the  liquid  fuel  being  delivered  through  the 
passage  11  from  the  supply  tank  9  communicates  with 
an  elongated  passage  12  which  terminates  in  the  annular 
distribution  passage  or  pump  chamber  15  defined  be¬ 
tween  the  piston  portion  4  and  the  cylinder  end  wall  54. 
The  distribution  passage  14  for  the  oxygen  communi¬ 
cates  with  the  elongated  passage  22  which  leads 
through  a  tangential  passage  21  into  tangential  passages 
20  defined  around  the  interior  of  a  swirl  chamber  18 
defined  at  the  head  portion  of  the  plunger  16.  The  oxy¬ 
gen  which  is  introduced  into  the  swirl  chamber  18  will 
be  directed  downwardly  through  a  discharge  nozzle  19. 
The  liquid  fuel  on  the  other  hand  will  move  through  the 
passage  12  and  the  distribution  passage  15  and  an  in¬ 
clined  passage  33  through  a  discharge  nozzle  23a  which 
is  normally  covered  by  the  head  portion  17  of  the 
plunger  16  but  which  is  uncovered  by  the  head  portion 
when  the  piston  begins  movement  in  its  working  stroke 
by  the  forces  of  inertia  which  act.  In  a  similar  manner 
the  passages  20  communicate  with  the  annular  supply 
duct  21  when  the  plunger  16  is  moved  because  of  inertia 
away  from  the  associated  piston  2.  The  plunger  16  is 
under  the  action  of  a  return  spring  (not  shown)  which 
urges  it  in  a  direction  of  the  arrow  Y  against  the  face  3 
of  the  piston  2.  In  the  position  indicated  in  FIG.  1  the 
tangential  bores  20  are  out  of  alignment  with  the  annu¬ 
lar  passage  21  so  that  the  supply  of  the  propellant  com¬ 
ponent  is  blocked.  Instead  of  the  plate  valves  24,  check 
valves  or  non-return  valves  may  be  employed. 

In  accordance  with  the  embodiment  of  the  invention 
indicated  in  FIG.  1,  means  are  provided  to  generate  a 
moving  force  which  acts  on  the  piston  2  to  drive  the 
piston  during  an  initial  phase  of  its  workings  stroke  and 
also  preferably  during  an  initial  phase  of  its  return 
stroke.  In  this  embodiment,  a  control  mechanism  for 
acting  on  the  respective  surfaces  31  and  32  of  the  ring 
portion  7  of  the  piston  2  during  the  respective  initial 
portions  of  the  driving  and  return  strokes  is  actuated  to 
provide  a  fluid  pressure  driving  force  on  these  surfaces 
at  selected  stages  of  the  movement  of  the  piston.  For 
this  purpose  control  bores  25,  25  and  26,26  are  in  com¬ 
munication  with  a  free  air  space  and  either  partially 
cleared  or  blocked  by  means  of  a  control  piston  27 
which  moves  in  an  axially  defined  chamber  56  of  the 
cylinder  wall  1.  The  additional  pressure  is  applied  in  the 
space  between  the  surface  31  and  the  boundary  surface 
29  to  move  the  piston  1  in  the  working  direction  and 
between  the  surface  30  and  the  surface  32  to  move  the 
piston  in  a  return  direction.  This  additional  pressure 
force  is  provided  at  the  reversing  points  of  the  forward 
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and  rearward  movement  or  the  piston  2  and  is  effected 
under  the  control  of  the  control  piston  27. 

The  operation  of  the  device  indicated  in  FIG.  1  is  a 
follows: 

In  FIG.  1,  it  is  assumed  that  the  pressure  differential  5 
piston  2  which  is  located  in  about  its  central  position  has 
started  to  move  forward  in  the  return  movement  in  the 
direction  of  the  arrow  X.  Because  of  the  position  of  the 
control  piston  27,  the  two  front  control  bores  25  are 
covered  and  thus  the  forwardly  moving  differential  10 
piston  2  compresses,  by  the  annular  portion  7,  the  air 
which  is  enclosed  or  included  between  the  surfaces  31 
and  29.  A  counterforce  is  thus  created  in  this  manner 
which  causes  the  pressure  differential  piston  2  to  come 
to  rest  or  to  stand  still  at  the  bottom  of  its  return  move-  15 
ment.  This  compressed  air  amounts  to  a  tensioned  gas 
spring  which  releases  its  stored  energy  immediately  to 
the  pressure  differential  piston  2  and  thus  me  ves  the 
piston  back  in  the  direction  of  the  arrow  Y  during  the 
initial  phase  of  the  working  stroke  of  the  piston.  In  so  20 
doing  the  inner  space  of  the  annular  pump  chambers  14 
and  15  becomes  smaller  so  that  a  partial  amount  of  the 
two  propellant  components  such  as  oxygen  carrier  and 
fuel  is  injected  into  the  combustion  chamber  as  the 
plunger  16  with  its  head  portion  17  is  moved  to  the  25 
opened  position  through  its  own  mass  inertia  force 
brought  about  the  rapid  movement  of  the  piston  2  in  a 
working  direction. 

The  partial  amounts  of  the  two  propellant  compo¬ 
nents  which  are  injected  into  the  combustion  space  33  30 
by  the  additional  force  of  the  gas  spring  react  in  a  hy- 
pergolic  manner.  When  the  combustion  process  starts, 
the  pressure  of  the  combustion  space  33  acts  on  the 
pressure  differential  piston  2  to  cause  an  additional  in¬ 
jection  of  the  additional  remaining  amount  of  the  two  35 
propellant  components  into  the  distribution  chambers 
14  and  15.  In  order  to  dampen  the  rearward  movement 
of  the  pressure  differential  piston  2  for  the  initial  accel¬ 
eration  in  a  return  movement  a  certain  amount  of  air  is 
compressed  in  the  space  defined  between  the  surfaces  40 
30  and  32  by  the  annular  piston  portion  7.  The  volume 
of  this  air  is  determined  by  the  respective  positions  of 
the  control  sleeve  28.  As  a  further  driving  force  for  the 
pressure  differential  piston  2,  there  is  the  pressure  which 
prevails  in  the  two  propellant  containers  8  and  9. 

In  the  embodiment  indicated  in  FIG.  2,  similar  parts 
are  similarly  designated  but  with  a  prime  and  in  respect 
to  a  pressure  differential  piston  2'  which  is  movable 
within  the  cylinder  1'.  An  annular  spring  34  is  arranged 
between  the  front  end  boundary  surface  29'  and  the  50 
countersurface  31'  as  well  as  between  the  surface  30' 
and  rhe  rear  surface  32'.  These  annular  springs  34,  34 
give  eff  their  stored  energy  during  the  reversal  of  the 
pressure  differential  piston  2  at  the  beginning  of  the 
working  stroke  and  also  at  the  beginning  of  the  return  55 
stroke. 

In  the  embodiment  illustrated  in  FIG.  3,  similar  parts 
are  again  similar  designated  but  with  the  addition  of  two 
primes.  In  this  embodiment  several  pressure  gas  supply 
valves  35  in  the  form  of  controlled  non-return,  or  check  60 
valves  are  disposed  in  the  cylinder  wall  1”  at  a  location 
to  project  into  the  space  between  the  surfaces  29"  and 
31".  Each  valve  includes  a  sensing  pin  35 a  which 
projects  into  the  path  of  the  moving  piston  2"  and  it  is 
displaced  by  the  piston  to  open  the  valve  and  communi-  65 
cate  the  space  between  the  surfaces  29"  and  31"  with  a 
source  of  gas  under  pressure  through  a  connecting  line 
37  and  a  supply  tank  36.  The  pressure  air  extends 
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through  grooves  39  of  the  valves  and  into  the  space  to 
brake  the  movement  of  the  pressure  differential  piston  2 
at  the  end  of  its  return  movement  and  to  accelerate  the 
piston  at  the  beginning  or  at  the  initial  phase  of  its  work¬ 
ing  stroke  movement.  After  the  piston  2  moves  away 
from  the  sensing  valve  35,  the  valve  is  then  again  closed 
by  spring  38.  After  this  the  piston  uncovers  a  bore  40 
which  vents  through  the  cylinder  1"  as  indicated.  In  the 
meantime  a  sufficient  combustion  pressure  is  built  up  in 
the  combustion  chamber  space  33  as  indicated  in  FIG.  1 
and  the  gases  which  are  formed  due  to  combustion 
drive  the  projectile  41  through  the  passage  52.  The 
driving  of  the  projectile  is  in  an  outward  direction  in 
accordance  with  the  laws  of  inner  ballistics.  The  piston 
2  is  moved  into  a  starting  position  under  the  urging  of  a 
spring  (not  shown)  which  acts  on  the  plunger  16  in  the 
direction  of  the  arrow  Y. 

What  is  claimed  is: 

1.  A  driving  force  generating  system  for  propelling  a 
device  such  as  a  projectile  particularly  in  a  fire  arm, 
comprising  wall  means  defining  a  combustion  chamber, 
a  piston  movable  in  said  combustion  chamber,  propel¬ 
lant  component  passage  means  defined  in  said  wall 
means  for  delivering  propellant  components  into  said 
combustion  chamber,  valve  means  associated  with  said 
passage  means  permitting  flow  of  said  propellant  com¬ 
ponents  through  said  passage  means  into  said  combus¬ 
tion  chamber,  said  propellant  components  being  reacta- 
ble  in  said  combustion  chamber  to  move  said  piston  in  a 
working  stroke,  a  force  accumulator  connected  to  said 
piston  and  being  responsive  to  movement  of  said  piston 
to  accumulate  a  drive  force,  and  control  means  for 
causing  said  drive  force  to  act  on  said  piston  at  the 
beginning  of  its  movement  in  its  working  stroke  to  aid  in 
such  movement. 

2.  A  driving  force  generating  system,  according  to 
claim  I,  wherein  said  force  accumulator  includes  a 
spring  means  acting  on  said  piston. 

3.  A  driving  force  generating  system,  according  to 
claim  1,  wherein  said  force  accumulator  comprises  a 
chamber  connected  to  said  combustion  chamber  and 
being  pressurized  by  the  kinetic  energy  of  the  move¬ 
ment  of  said  piston,  said  control  means  comprising  a 
passage  for  connecting  said  chamber  to  communicate 

45  the  stored  pressure  to  said  piston  to  aid  it  in  its  move¬ 
ment  at  the  beginning  of  its  working  stroke. 

4.  A  driving  force  generating  system  for  propelling  a 
device  such  as  a  projectile  particularly  in  a  fire  arm, 
comprising  wall  means  defining  a  combustion  chamber, 
a  piston  movable  in  said  combustion  chamber,  propel¬ 
lant  component  passage  means  defined  in  said  wall 
means  for  delivering  propellant  components  into  said 
combustion  chamber,  valve  means  associated  with  said 
passage  means  permitting  flow  of  said  propellant  com¬ 
ponents  through  said  passage  means  into  said  combus¬ 
tion  chamber,  said  propellant  components  being  reada¬ 
ble  in  said  combustion  chamber  to  move  said  piston  in  a 
working  stroke,  and  additional  force  means  acting  on 
said  piston  at  the  beginning  of  its  movement  in  its  work¬ 
ing  stroke  to  aid  in  such  movement,  wherein  said  piston 
has  a  central  piston  portion  slidable  in  said  combustion 
chamber  and  an  annular  ring  portion  of  increased  di¬ 
mension,  said  combustion  chamber  having  an  increased 
dimension  portion  in  which  said  ring  portion  is  mov¬ 
able,  the  space  in  said  combustion  chamber  of  increased 
dimension  defining  a  fluid  pressure  storage  chamber 
acting  on  each  end  of  the  ring  portions  of  said  piston 
and  providing  means  for  breaking  the  movement  of  said 
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piston  in  a  working  direction  and  in  a  return  direction 
and  for  providing  a  moving  force  for  said  piston  in  the 
initial  stages  of  movement  in  its  working  direction  and 
in  the  initial  stages  of  movement  in  a  return  direction. 

5.  A  driving  force  generating  system,  according  to 
claim  4,  including  spring  means  disposed  in  the  path  of 
movement  of  said  ring  portion  of  said  piston  and  acting 
on  said  ring  portion  to  aid  in  its  movement  during  initial 
portion  of  movement  of  its  working  stroke. 

6.  A  driving  force  generating  system,  according  to 
claim  4,  including  a  control  chamber  connected  to  said 
cylinder  and  respective  opposite  sides  of  said  ring  por¬ 
tion  of  said  piston,  and  a  control  piston  slidable  in  said 
control  chamber,  said  control  chamber  having  openings 
at  spaced  locations  which  are  covered  and  uncovered 
by  movement  of  said  piston  for  regulating  the  move¬ 
ment  of  the  air  by  movement  of  said  ring  portion  of  said 
piston  for  aiding  the  movement  of  said  piston  in  its 
initial  portion  of  movement  in  its  working  stroke  direc¬ 
tion. 

7.  A  driving  force  generating  system  for  propelling  a 
device  such  as  a  projectile  particularly  in  a  fire  arm, 
comprising  wall  means  defining  a  combustion  chamber, 
a  piston  movable  in  said  combustion  chamber,  propel¬ 
lant  component  passage  means  defined  in  said  wall 
means  for  delivering  propellant  components  into  said 
combustion  chamber,  valve  means  associated  with  said 
passage  means  permitting  flow  of  said  propellant  com¬ 
ponents  through  said  passage  means  into  said  combus¬ 
tion  chamber,  said  propellant  components  being  reada¬ 
ble  in  said  combustion  chamber  to  move  said  piston  in  a 
working  stroke,  and  additional  force  means  acting  on 
said  piston  at  the  beginning  of  its  movement  in  its  work¬ 
ing  stroke  to  aid  in  such  movement,  said  additional 
force  means  comprising  an  annular  spring  surrounding 
said  piston,  said  piston  having  an  annular  portion  pro¬ 
jecting  outwardly  from  the  sides  thereof  and  engage- 
able  with  said  spring  at  the  end  of  the  path  of  movement 
thereof  in  a  return  direction. 

8.  A  driving  force  generating  system  for  propelling  a 
device  such  as  a  projectile  particularly  in  a  fire  arm, 
comprising  wall  means  defining  a  combustion  chamber, 
a  piston  movable  in  said  combustion  chamber,  propel¬ 
lant  component  passage  means  defined  in  said  wall 
means  for  delivering  propellant  components  into  said 
combustion  chamber,  valve  means  associated  with  said 
passage  means  permitting  flow  of  propellant  compo¬ 
nents  through  said  passage  means  into  said  combustion 

» 


8 

chamber,  said  propellant  components  being  readable  in 
said  combustion  chamber  to  move  said  piston  in  a  work¬ 
ing  stroke,  additional  force  means  acting  on  said  piston 
at  the  beginning  of  its  movement  in  its  working  stroke 
to  aid  in  such  movement,  said  additional  force  means 
comprising  a  valve  projecting  into  said  wall  means,  said 
wall  means  including  a  widened  wall  portion,  said  pis¬ 
ton  having  an  annular  ring  portion  of  increased  dimen¬ 
sion  slidable  in  said  widened  wall  portion  of  said  wall 
means,  said  valve  being  oriented  to  project  into  the  path 
of  movement  of  said  ring  portion  of  said  piston  and 
being  located  to  open  just  prior  to  the  end  of  the  return 
movement  of  said  ring  portion  of  said  piston,  and  means 
connected  to  said  valve  for  supplying  compressed  gas 
through  said  valve  when  opened  by  said  piston  and  into 
said  combustion  chamber  to  act  on  said  ring  portion  to 
move  said  ring  portion  with  said  piston  in  a  working 
direction. 

9.  A  driving  force  generating  system  for  propelling  a 
projectile  in  a  fire  arm,  comprising  a  tubular  member 
defining  a  projectile  bore  passage  and  a  widened  com¬ 
bustion  chamber  at  the  end  of  said  passage,  a  piston 
having  a  central  portion  slidable  in  said  combustion 
chamber  and  having  a  widened  ring  portion,  said  tubu¬ 
lar  member  having  a  widened  portion  permitting  axial 
movement  of  the  ring  portion  of  said  piston,  propellant 
supply  tank  means,  pump  means  connected  between 
said  propellant  supply  tank  means  and  said  combustion 
chamber  and  being  movable  by  movement  cf  said  piston 
to  pump  propellant  components  to  said  combustion 
chamber  for  generating  gaseous  products  of  combustion 
therein  and  for  effecting  a  working  stroke  of  said  piston 
in  a  direction  away  from  said  projectile  passage,  a  force 
accumulator  connected  to  said  pistion  and  being  respon¬ 
sive  to  movement  of  said  piston  to  accumulate  a  drive 
force,  and  control  means  for  causing  said  accumulated 
drive  force  to  act  on  said  piston  during  the  initial  stage 
of  movement  thereof  in  its  working  stroke. 

10.  A  driving  force  generating  system,  according  to 
claim  9,  wherein  said  pump  means  includes  an  end  plate 
closing  said  tubular  member  and  having  a  plurality  of 
passages  defined  therein,  said  passages  and  extending 
through  said  piston,  and  valve  means  associated  with 
said  passages  including  a  plunger  slidable  in  said  piston 
and  being  movable  away  from  said  piston  by  inertia 
during  the  movement  of  said  piston  in  a  working  stroke 
to  open  said  passages. 
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[57]  ABSTRACT 

A  combustion  chamber  system  for  the  production  of 
propelling  gases,  particularly  for  propelling  projectiles 


includes  a  tubular  member  defining  a  combustion  cham¬ 
ber  which  is  adapted  to  be  located  adjacent  one  end  of 
a  gun  barrel  having  a  passage  for  a  projectile.  A  piston 
is  slidable  in  the  combustion  chamber  toward  and  away 
from  the  projectile  and  it  includes  a  ring  portion  of 
wider  diameter  which  is  movable  in  a  widened  portion 
of  the  tubular  member  defining  the  combustion  cham¬ 
ber.  Propellant  components  are  introduced  into  the 
combustion  chamber  by  the  movement  of  the  piston 
which  is  effected  by  the  combustion  of  the  gases  within 
the  combustion  chamber.  For  this  purpose,  the  combus¬ 
tion  chamber  is  connected  through  passages  defined  in 
the  piston  and  fixed  end  plates  of  the  combustion  cham¬ 
ber  which  extend  to  supply  tanks  for  the  various  propel¬ 
lant  components.  The  piston  and  the  end  plates  also 
define  distributing  passages  for  the  propellant  compo¬ 
nents  which  are  cyclicly  compressed  and  expanded  by 
the  movement  of  the  piston  and  thus  produce  a  move¬ 
ment  of  the  propellant  components  through  nozzles 
defined  at  the  end  of  the  piston  end  face  for  injection 
into  the  combustion  chamber.  The  apparatus  includes 
additional  means  for  producing  pressure  within  the 
combustion  chamber  to  cause  a  braking  of  the  move¬ 
ment  of  the  piston  in  the  return  direction  and  initiate  a 
rapid  build-up  of  the  pressure  in  the  combustion  cham¬ 
ber  for  producing  a  rapid  movement  of  the  piston  in  a 
working  stroke  direction. 

7  Claims,  4  Drawing  Figures 
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COMBUSTION  CHAMBER  SYSTEM  FOR  THE 
PRODUCTION  OF  PROPELLING  GASES 

SUMMARY  OF  THE  INVENTION  5 

This  invention  relates  in  general  to  the  construction 
of  a  propelling  force  producing  device,  and  in  particu¬ 
lar,  to  a  new  and  useful  differential  pressure  piston  com¬ 
bustion  chamber  system  for  the  production  of  propel¬ 
ling  gases  particularly  for  fire  arms.  10 

The  invention  deals  with  a  pressure  differential  pis¬ 
ton-combustion  chamber  system  for  the  production  of 
propelling  gases  from  liquid,  particularly  hypergolic 
propellant  components,  and  is  particularly  suitable  for 
fire  arms.  The  system  of  the  invention  includes  a  guide  IS 
cylinder  for  the  pressure  differential  piston  which  also 
forms  a  combustion  chamber  casing  and  a  receiving 
chamber  for  a  projectile  in  the  event  that  the  device  is 
to  be  used  with  fire  arms.  The  piston  closes,  on  its  one 
face,  the  inner  space  of  the  combustion  chamber,  and  its  20 
opposite  rear  face  moves  in  a  chamber  defined  at  the 
opposite  end  of  the  combustion  chamber,  which  forms  a 
propellant  distribution  chamber;  and  thus  provides 
means  for  directing  the  propellant  components  through 
passages  into  the  combustion  chamber.  25 

In  accordance  with  U.S.  Pat.  No.  3, 1 38.99C,  it  is 
known  to  provide  a  rapid  fire  weapon  which  is  actuated 
by  a  pressure  differential  piston-combustion  chamber 
system.  With  such  a  system,  the  pressure  gases  which 
propell  the  projectile  out  of  the  barrel  are  produced  in  30 
the  combustion  chamber  by  means  of  two  liquid  fuel 
components  which  react  hypergolically  with  each 
other.  In  this  construction,  the  injection  of  the  fuel  is 
initiated  at  the  forward  end  reversing  point  of  move¬ 
ment  of  the  pressure  differential  piston  and  part  of  the  35 
fuel  components  are  conveyed  or  injected  into  the  com¬ 
bustion  chamber  by  means  of  the  existing  pressures  of 
the  supply  containers  or  tanks.  The  reaction  of  the  fuel 
components  produces  a  combustion  pressure  build  up  in 
the  combustion  chamber  which  acts  against  the  front  40 
ends  of  an  annular  side  ring  of  the  piston  to  move  the 
piston  backwardly  after  it  overcomes  an  initial  counter- 
face  which  is  caused  by  a  pressure  medium.  In  so  doing, 
the  previously  injected  fuel  components  are  put  under 
pressuie  by  associated  ring  members  or  portions  of  the  45 
pressure  differential  piston  which  move  in  an  annular 
spaces  or  distribution  chambers  to  cause  the  compo¬ 
nents  to  be  directed  into  the  combustion  chamber.  At 
the  same  time  check  valves  or  non-return  valves  are 
automatically  closed  in  a  direction  toward  the  fuel  con-  50 
tainers.  Since  the  front  annular  end  face  of  the  differen¬ 
tial  piston  which  faces  to  the  combustion  chamber  is 
larger  than  the  end  faces  of  the  ring  portions  which  act 
on  the  fuel  distribution  chambers,  a  differential  action 
sets  in  whereby  the  injection  pressure  at  any  given  mo-  55 
ment  is  larger  than  the  respective  inner  pressure  of  the 
combustion  chamber. 

In  order  to  obtain  favorable  inner  ballistic  conditions 
it  is,  in  accordance  with  the  theory  of  shooting,  neces¬ 
sary  that  the  pressure  gases  which  are  produced  by  60 
combustion  of  the  amount  of  gun  powder  which  is 
weighed  in  the  cartridges  employed  conventional  fire 
arms,  and  which  is  employed  to  drive  the  projectile  out 
of  the  barrel,  must  reach  a  high  starting  pressure  in 
order  to  impart  to  the  projectile  and  an  initial  accelera-  65 
tion  which  is  large  enough  so  that  a  high  muzzle  speed 
is  attained.  The  known  fire  arm  which  operates  on  a 
pressure  differential  combustion  chamber  principle  for 
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producing  pressure  gases  have  certain  advantages  over 
conventional  fire  arms  including  savings  in  respect  to 
the  cartridges  less  weight,  and  less  sensitivity  of  the 
used  propellants.  However,  these  known  fire  arms 
which  operate  under  this  principle  have  a  disadvantage 
in  respect  to  large  initial  acceleration,  and  large  muzzle 
speed.  This  is  because,  during  the  initial  stage  of  move¬ 
ment  of  the  pressure  differential  piston  in  the  working 
stroke  direction,  the  injection  pressure  energy  which 
develops  will  be  only  that  which  is  attained  from  the 
relatively  low  fuel  supply  container  pressure.  This 
causes  a  relatively  flat  rise  of  the  pressure  curve  in  the 
pressure-path  diagram  or  in  the  inner  ballistic  working 
diagram.  The  pressure  peak,  which  is  determinitive  of  a 
large  initial  acceleration  of  the  projectile,  is  thus  at¬ 
tained  too  late  and  with  a  loss  of  time  in  the  form  of  an 
undesired  staying  period  which  occurs  after  the  com¬ 
bustion  chamber  pressure  starts  operating.  Therefore, 
there  is  an  increase  in  the  quantities  of  the  fuel  compo¬ 
nents  which  are  injected. 

The  present  invention  provides  a  construction  in 
which  overcomes  disadvantages  of  the  prior  art  and 
provides  a  propelling  force  having  a  steep  pressure 
increase  in  the  pressure-path  diagram  making  the  device 
suitable  for  use  in  a  fire  arm.  This  is  solved  by  providing 
a  pre-injection  of  a  partial  amount  of  the  propellant 
components  during  the  end  portion  of  the  forward 
movement  of  the  pressure  differential  piston  which 
occurs  during  its  return  stroke.  This  is  done  if  necessary 
by  additional  injection  of  a  further  partial  amount  of  the 
propellant  components  during  the  last  portion  of  the 
return  stroke  and  during  an  initial  phase  of  the  working 
stroke  movement  of  the  differential  piston.  By  provid¬ 
ing  a  pre-injection,  the  ignition  delay  time  will  still 
produce  an  ignition  in  the  end  phase  of  the  forward 
movement  of  the  pressure  differential  piston  so  that  the 
ignition  delay  time  will  not  constitute  an  unavoidable 
dead  time  or  lost  time.  The  invention  provides  an  addi¬ 
tional  important  advantage  over  the  prior  art  in  that  as 
soon  as  the  pressure  differential  piston  has  reached  its 
front  dead  end  position,  a  certain  pressure  will  already 
be  built  up  ahead  of  it  without  requiring  any  delay  or 
staying  time  of  the  piston  in  the  front  dead  end  position. 
Due  to  this  pre-pressuring  of  the  combustion  chamber, 
the  differential  piston  will  be  pushed  backwardly  at 
high  speed  into  the  working  stroke.  Additional  fuel  is 
injected  through  the  pressure  differential  piston  into  the 
combustion  chamber.  The  pressure  gas  cushion  which  is 
produced  by  a  pre-injection  into  the  combustion  cham¬ 
ber  forms  a  spring  which  elastically  brakes  the  forward 
return  movement  of  the  piston. 

The  control  of  the  pre-injection  is  affected  by  the 
movement  of  the  differential  piston  itself  and  is  advanta¬ 
geously  carried  out  by  means  of  push  rods  having  ends 
which  project  into  the  cylinder  space  and  are  contacted 
by  ring  portions  of  the  piston  and  displaced  to  permit 
opening  of  the  passages  for  the  particular  propellant 
components  so  that  they  are  sprayed  into  the  combus¬ 
tion  chamber  under  the  container  pressure,  or  the  push 
rods  actuate  individual  injection  pumps  which  spray 
this  propellant  components  into  the  combustion  cham¬ 
ber  under  additional  pressure.  The  arrangement  is  such 
that  there  is  no  lost  time  in  the  operation  of  the  differen¬ 
tial  piston  and  in  addition  a  greater  initial  acceleration 
of  the  pressure  differential  piston  is  carried  out  and  an 
increase  of  the  shooting  frequency  is  obtained.  Due  to 
the  advantageous  arrangement  the  constructional 
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length  of  the  combustion  chamber  may  also  be  short¬ 
ened. 

Accordingly,  it  is  an  object  of  the  invention  to  pro¬ 
vide  a  driving  force  generating  system  using  a  pressure 
differential  piston  movable  in  a  combustion  chamber  by 
the  combustion  gases  generated  between  and  acting 
during  its  movement  to  pump  propellant  components 
into  the  combustion  chamber  and  also  including  means 
for  directing  an  additional  amount  of  propellant  compo¬ 
nents  into  a  combustion  chamber  just  prior  to  and  dur¬ 
ing  an  initial  portion  of  movement  of  the  piston  in  a 
working  stroke. 

A  further  object  of  the  invention  is  to  provide  a  driv¬ 
ing  force  generating  device  which  is  simple  in  design, 
rugged  in  construction,  and  economical  to  manufacture. 

The  various  features  of  novelty  which  characterize 
the  invention  are  pointed  out  with  part  of  this  specifica¬ 
tion.  For  a  better  understanding  of  the  invention,  its 
operating  advantages  and  specific  objects  attained  by  its 
use,  reference  should  be  had  to  the  accompanying  20 
drawings  and  descriptive  matter  in  which  there  are 
illustrated  and  described  preferred  embodiments  of  the 
invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  drawings: 

FIG.  I  is  an  axially  sectional  view  of  a  fire  arm  con¬ 
structed  in  accordance  with  the  invention; 

FIG.  2  is  a  partial  axial  sectional  view  of  another 
embodiment  of  fire  arms; 

FIG.  la  is  a  section  taken  on  the  line  la — la  of  FIG. 

1;  and 

FIG.  3  indicates  a  pressure-path  diagram  of  the  com¬ 
bustion  chamber  system. 

GENERAL  DESCRIPTION  OF  THE 
PREFERRED  EMBODIMENTS 

Referring  to  the  drawings  in  particular,  the  invention 
embodied  therein  in  FIG.  1  comprises  a  driving  force 
generating  system  in  the  form  of  a  fire  arm  generally  40 
designated  50  which  includes  a  barrel  portion  52  having 
a  bore  or  passageway  54  for  the  passage  of  a  projectile 
30.  The  barrel  52  is  formed  as  an  extension  or  as  a  sepa¬ 
rate  piece  extending  outwardly  from  a  tubular  member 
or  cylinder  generally  designated  1  which  defines  a  cen-  45 
tral  combustion  chamber  58  and  annular  differential 
pressure  chambers  60  and  62.  The  end  of  the  cylinder  1 
is  closed  by  a  fuel  passage  plate  member  64  and  a  fuel 
passage  disk  66. 

In  accordance  with  the  invention,  a  pressure  differen¬ 
tial  piston  2  is  arranged  to  slide  in  the  combustion  cham¬ 
ber  58  and  it  includes  a  bottom  or  end  face  portion  3  and 
an  annular  rear  portion  or  ring  4  which  moves  in  the 
passages  60  and  62.  In  addition,  the  pressure  differential 
piston  2  includes  an  inner  guide  pipe  portion  or  cylindri-  55 
cal  portion  5  which  is  spaced  radially  inwardly  from  an 
outer  skirt  portion  6. 

The  propellant  components,  for  example,  a  liquid  fuel 
and  an  oxygen  or  an  oxygen  carrier,  are  stored  in  supply 
containers  or  tanks  8  and  9,  respectively.  The  respective  60 
tanks  8  and  9  are  connected,  through  axially  elongated 
passages  11  and  10,  valve  means  in  the  form  of  plate 
valves  68,  and  further  passages  12  and  13,  to  respective 
annular  distribution  chambers  15  and  14  which  vary  in 
size  in  accordance  with  the  position  of  the  piston  2.  The  65 
piston  bottom  3  carries  associated  bores  and  nozzle 
means  16  and  17  for  the  fuel  and  oxygen  spray  deliveries 
into  the  combustion  chamber  58.  The  nozzle  means  and 
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16  and  17  include  ball  valves  70  biased  to  a  closed  posi¬ 
tion  by  springs  72.  The  pressure  force  of  the  spring  72  is 
overcome  during  the  upward  movement  of  the  piston  2 
on  a  working  stroke  by  the  collapsing  of  the  respective 
5  annular  chambers  15  and  14,  for  the  fuel  and  oxygen 
respectively,  caused  by  this  upward  piston  movement. 
The  nozzle  means  16  are  connected  to  the  supply 
through  an  annular  passage  18  which  is  defined  in  the 
bottom  3.  The  discharge  of  the  nozzle  means  16  and  17 
10  is  oriented  obliquely  so  that  the  spray  streams  intersect 
and  provide  mixing  of  the  components  adjacent  the 
point  of  introduction  to  the  combustion  chamber  58. 

In  accordance  with  a  feature  of  the  invention  a  rapid 
increase  in  the  pressure  within  the  combustion  chamber 
IS  58  is  obtained  during  the  return  downward  movement 
of  the  piston  2  in  order  to  provide  a  rapid  build  up  for 
the  working  stroke  in  the  upward  direction.  To  accom¬ 
plish  this,  means  are  added  to  the  combustion  chamber 
for  effecting  a  rapid  build  up  of  a  force  in  the  form  of  a 
pre-injection  or  predetermined  amount  of  fuel  and  oxy¬ 
gen  carrier.  For  this  purpose,  the  walls  of  the  combus¬ 
tion  chamber  58  are  provided  at  a  plurality  of  spaced 
locations  around  the  periphery  and  above  the  bottom 
dead  center  position  with  injection  bores  19  and  20 
25  which  extend  obliquely  relative  to  each  other  in  order 
to  provide  a  whirling  impinging  effect  of  the  injected 
propellants.  Annular  passages  21  and  22  which  are  de¬ 
fined  in  the  cylinder  walls  communicate  with  the  indi¬ 
vidual  injection  bores  19  and  20  respectively  and  they 
30  are  supplied  from  the  propellant  containers  8  and  9 
through  connecting  lines  24a,  24  and  23a,  23  respec¬ 
tively.  The  passages  24  and  23  are  closed  by  a  surface  of 
a  respective  push  rods  or  central  rods  25  and  26  which 
are  slidable  in  axially  extending  passages  of  the  cylinder 
35  1.  The  control  rods  25  and  26  project  into  the  annular 
space  62  and  tney  are  contacted  by  the  ring  portion  7  of 
the  piston  2  during  its  downward  movement  and  moved 
against  the  force  of  a  spring  74,  which  is  retained  over 
a  nut  76  threaded  into  the  cylinder  1,  to  move  the  rods 
downwardly  during  this  downward  movement  of  the 
piston.  When  this  downward  movement  occurs  associ¬ 
ated  slot  passages  25a  and  26a  are  moved  into  alignment 
with  the  passages  24  and  23  respectively  to  open  these 
passage  to  admit  the  associated  propellant  components 
to  be  sprayed  into  the  combustion  chamber  58. 

The  operation  of  the  device  is  as  follows: 

During  the  return  movement  of  the  differential  pres¬ 
sure  piston  2,  in  a  downward  direction  as  viewed  in  the 
drawings,  it  reaches  the  point  in  the  drawings  at  which 
50  is  it  spaced  by  a  distance  X  from  a  ledge  80  of  the  cylin¬ 
der.  At  this  location  it  contacts  the  tops  of  the  associ¬ 
ated  push  rods  25  and  26.  The  distances  X  (return)  and 
Y  (working  stroke)  may  be  equal  or  of  a  different 
amount  depending  upon  the  of  combustion  characteris¬ 
tics  which  are  to  be  obtained.  Upon  further  downward 
movement  of  the  piston  2  from  the  position  indicated  in 
FIG.  1  the  push  rods  25  and  26  are  moved  downwardly 
so  that  the  supply  bores  25  and  23  are  opened  for  the 
discharge  of  the  associated  propellant  components  into 
the  combustion  58.  By  such  an  introduction  of  the  pro¬ 
pellant  components  the  pressure  will  rise  in  the  combus¬ 
tion  chamber  during  the  end  phase  of  movement  of  the 
piston  2  and  its  return  stroke,  so  that  as  the  piston  ap¬ 
proaches  a  reversing  position  at  the  bottom  dead  center, 
a  certain  pressure  pi  is  exerted  on  the  pressure  differen¬ 
tial  piston  2  which  imparts  to  the  piston  an  immediate 
starting  acceleration  for  its  working  stroke.  At  the  same 
time,  the  fuel  injection  from  the  nozzles  16  and  17  be- 
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comes  greater.  During  the  initial  upward  movement  in 
the  working  stroke,  comparable  to  the  phase  distance  Y, 
an  additional  amount  of  propellant  is  injected  from  the 
preinjection  bores  19  and  20  because  the  control  slots 
25a  and  26 a  will  still  be  partially  aligned  with  the  pas-  S 
sages  24  and  23  respectively.  Thus  the  inertia  pressure  is 
still  further  increased.  After  the  end  of  the  return  move¬ 
ment  and  during  the  beginning  of  the  upward  move¬ 
ment  in  the  phase  Y  of  the  working  stroke  the  pre-injec¬ 
tion  and  the  additional  injection  will  be  interrupted  by  10 
the  complete  return  of  the  push  rods  25  and  26.  In  the 
further  course  of  the  working  stroke  the  additional 
propellant  which  is  injected  by  the  nozzle  means  16  and 
1  7  will  also  be  discontinued. 

In  the  embodiment  indicated  in  FIG.  2,  similar  parts  IS 
are  similarly  designated  for  a  driving  force  generating 
system  generally  designated  82.  In  this  arrangement,  the 
differential  pressure  piston  2'  actuates,  with  an  annular 
piston  portion  7',  drive  pushers  27  of  one  or  more  injec¬ 
tion  pumps  generally  designated  28.  The  pumps  28  in-  20 
elude  a  spring  84  which  urges  a  pusher  27  upwardly  and 
it  includes  a  pumping  space  29  which  communicates 
with  suction  passages  23'  and  23a'  and  discharge  pas¬ 
sages  20'  which  are  connected  with  combustion  cham¬ 
ber  discharge  nozzle  means  86.  25 

In  each  embodiment  the  pressure  gases  which  are 
formed  due  to  the  combustion  within  the  combustion 
chamber  58  or  58'  drive  a  projectile  30  which  has  been 
inserted  by  means  of  suitable  loading  devices  (not 
shown)  into  the  barrel  52.  The  projectile  30  is  moved  30 
out  of  high  muzzle  velocity  according  to  the  laws  of 
inner  ballistic. 

As  a  starting  position  or  rest  position,  there  is  pro¬ 
vided  a  reversing  point  of  the  pressure  differential  pis¬ 
ton  2  into  which  the  piston  is  brought  in  each  case  by  35 
means  of  a  spring  (not  shown)  which  acts  in  the  direc¬ 
tion  of  the  arrow  Y.  A  ring  spring  31  forms  a  rear  abut¬ 
ment  for  a  pressure  differential  piston  2  for  reversing 
the  piston  from  the  upward  working  stroke  to  the 
downward  return  stroke.  The  forward  working  stroke  40 
movement  of  the  pressure  differential  piston  2  is  also 
aided  by  the  pressure  of  the  tanks  8  and  9. 

What  is  claimed  is: 

1.  A  driving  force  generating  system,  particularly  for 
propelling  a  device  such  as  a  projectile  in  a  fire  arm,  45 
comprising  wall  means  defining  a  combustion  chamber, 

a  piston  movable  in  said  combustion  chamber,  propel¬ 
lant  component  supply  tank  means,  pump  means  con¬ 
nected  between  said  supply  tank  means  and  said  com¬ 
bustion  chamber  and  being  operable  by  movement  of  50 
said  piston  in  a  working  stroke  to  deliver  propellant 
components  into  said  combustion  chamber,  additional 
propellant  supply  means  connected  between  said  pro¬ 
pellant  supply  tank  means  and  said  combustion  cham¬ 
ber,  nozzle  means  associated  with  said  supply  means  for  55 
discharging  the  propellant  into  said  combustion  cham¬ 
ber,  a  control  member  disposed  in  the  path  of  said  pis¬ 
ton,  a  spring  biasing  said  control  member  in  a  direction 
to  project  it  into  the  path  of  movement  of  said  piston, 
said  control  member  being  contractable  by  said  piston  60 
in  a  return  movement  to  move  it  against  the  force  of 
said  spring  to  cause  the  discharge  of  propellant  from 
said  nozzle  means  for  directing  an  additional  amount  of 
propellant  components  from  said  supply  tank  means 
into  said  combustion  chamber  toward  the  end  of  the  65 
return  movement  of  said  piston. 

2.  A  driving  force  generating  system,  particularly  for 
propelling  a  device  such  as  a  projectile  in  a  fire  arm. 
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comprising  wall  means  defining  a  combustion  chamber, 
a  piston  movable  in  said  combustion  chamber,  propel¬ 
lant  component  supply  tank  means,  pump  means  con¬ 
nected  between  said  supply  tank  means  and  said  com¬ 
bustion  chamber  and  being  operable  by  movement  of 
said  piston  in  a  working  stroke  to  deliver  propellant 
components  into  said  combustion  chamber,  additional 
propellant  supply  means  connected  between  said  pro¬ 
pellant  supply  tank  means  and  said  combustion  cham¬ 
ber,  nozzle  means  associated  with  said  supply  means  for 
discharging  the  propellant  into  said  combustion  cham¬ 
ber,  a  control  member  disposed  in  the  path  of  said  pis¬ 
ton,  a  spring  biasing  said  control  member  in  a  direction 
to  project  it  into  the  path  of  movement  of  said  piston, 
said  control  member  being  contractable  by  said  piston 
in  a  return  movement  to  move  it  against  the  force  of 
said  spring  to  cause  the  discharge  of  propellant  from 
said  nozzle  means  for  directing  an  additional  amount  of 
propellant  components  from  said  supply  tank  means 
into  said  combustion  chamber  toward  the  end  of  the 
return  movement  of  said  piston,  including  propellant 
component  passage  means  defined  in  said  piston  and 
said  walls  means  for  delivering  propellant  components 
through  said  piston  into  said  combustion  chamber,  said 
piston  and  said  wall  means  defining  a  pumping  chamber 
therebetween  connected  to  said  component  supply  tank 
means  and  providing  a  pumping  action  in  respect  to  said 
chamber  by  movement  of  said  piston  during  a  working 
stroke  and  comprising  said  pump  means. 

3.  A  driving  force  generating  system,  for  propelling  a 
device  such  as  a  projectile  comprising  a  tubular  member 
defining  a  central  combustion  chamber  which  is 
adapted  to  be  connected  at  one  end  to  a  fire  arm  barrel, 
a  piston  slidable  in  said  combustion  chamber,  end  plate 
means  closing  said  tubular  member  and  defining  at  the 
rear  of  said  piston  a  plurality  of  pumping  chambers 
which  collapse  upon  movement  of  said  piston  in  one 
direction  and  enlarge  upon  movement  of  said  piston  in 
said  opposite  direction,  means  for  supplying  individual 
propellant  components  to  respective  ones  of  said  cham¬ 
bers,  passage  means  connecting  said  chambers  to  said 
combustion  chamber  for  injecting  said  propellant  com¬ 
ponents  into  said  combustion  chambers  during  the 
movement  of  said  piston  in  which  the  pumping  cham¬ 
bers  are  collapsed,  a  plurality  of  control  members  of  a 
number  corresponding  to  the  number  of  propellant 
components  disposed  in  a  path  of  movement  of  said 
piston  and  engageable  by  said  piston  during  the  return 
stroke  thereof,  and  additional  propellant  component 
injection  means  for  each  of  said  propellant  components 
connected  to  said  control  members  and  being  actuable 
by  movement  of  said  control  members  by  the  return 
movement  of  said  piston  to  provide  an  additional  injec¬ 
tion  of  propellant  components  into  said  combustion 
chamber. 

4.  A  driving  force  generating  system,  according  to 
claim  3.  wherein  said  control  members  comprise  elon¬ 
gated  rods  having  a  passage  slot  defined  therethrough, 
said  injection  means  including  a  conduit  connected 
between  a  propellant  storage  tank  and  said  combustion 
chamber,  said  control  rod  blocking  said  conduit  but 
having  a  slot  therein  which  may  be  aligned  therewith 
when  moved  by  said  piston  to  provide  passage  of  the 
propellant  component  through  said  conduit  and  into 
said  combustion  chamber. 

5.  A  driving  force  generating  syste,  according  to 
claim  3,  including  a  gun  barrel  connected  to  said  com¬ 
bustion  chamber  at  the  end  opposite  to  said  piston  and 
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adapted  to  contain  projectile  which  is  driven  by  the 
generation  of  combustion  gases  in  said  combustion 
chamber,  and  a  return  spring  carried  at  the  opposite  end 
of  said  cylinder  from  said  gun  barrel  and  engageable 
with  said  piston  to  urge  said  piston  in  a  return  move-  S 
ment  direction. 

6.  A  driving  force  generating  system,  according  to 
claim  3,  wherein  said  additional  propellant  component 
injection  means  comprises  a  propellant  component 


8 

pump,  a  drive  plunger  member  for  said  pump  having  a 
portion  exposed  in  the  path  of  movement  of  said  piston 
and  being  movable  by  said  piston  to  pump  a  propellant 
component  into  said  combustion  chamber. 

7.  A  driving  force  generating  system,  according  to 
claim  6,  including  valve  means  connected  to  said  pump 
for  facilitating  inlet  to  said  pump  and  discharge  from 
said  pump. 
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Tfce  invention  herein  described  may  be  manufactured  15 
and  used  by  or  for  the  Government  for  governmental 
purposes  without  payment  to  me  of  any  royalty  thereon. 

This  invention  relates  to  recoilless  guns,  intended  pri¬ 
marily  for  use  in  military  aircrart,  employing  liquid 
propellants  and  has  for  an  object  the  provision  of  a  gun 
having  simplicity  of  design,  light-weight,  high  cyclic  rate 
of  fire,  employing  large  caiiber  shells  and  having  a  form 
suited  especially  to  fixed  mounting  in  aircraft,  having 
conventional  gjn  accuracy  of  fire  with  very  low  or  com¬ 
plete  lack  of  recoil. 

The  invention  utilizes  a  thin  walled  gun  tube  or  bairel 
end  employs  liquid  propellants  of  the  hypsrgclic  types 
for  creating  the  operating  pressures  for  discharging  the 
projectiles  from  the  gun  barrel  or  tube  and  actuating  the 
repeated  firing  or  automatic  operational  cycles  of  the 
gun.  The  gun  includes  enlarged  gas  or  combustion  and 
pressure  chambers  at  the  inner  end  of  the  gun  tube  with 
gas  exhaust  conduits  or  tubes  extending  rearwardly  from 
the  pressure  chamber  having  restricted  gas  discharge 
nozzles  at  their  rear  ends  for  counteracting  recoil. 

A  projectile  feeding  magazine  is  connected  at  its  rear 
end  to  the  combustion  chamber  by  a  pressure  supply  con¬ 
duit  for  introducing  pressure  chamber  pressure  into  tbe 
projectile  feeding  tube  behind  the  projectiles  so  as  to  feed 
them  into  the  gun  cube  one  at  a  time,  a  check  valve  being 
interposed  in  the  connection,  a  pressure  regulator  being 
provided  to  control  the  maximum  projectile  feeding  pres¬ 
sure.  Holding  means  is  provided  in  the  feeding  tube  for 
retaining  the  projectiles  in  tbe  feeuing  tube  against  rear¬ 
ward  movement  while  projectiles  are  being  discharged 
from  the  gun  barrel  or  tube,  also  while  pressure  is  built 
up  in  the  gun  tube  for  subsequent  discharge  of  a  projectile 
therefrom. 

The  max'i-.um  regulated  pressure  in  the  rear  end  of 
the  projectile  or  shell  feeding  magazine  tube  is  employed, 
following  a  discharge  of  a  projectile  cr  shell  from  the  gun 
tube,  so  that  when  a  reduction  of  the  pressure  in  the 
combustion  chamber  below  the  p*essure  in  the  tube  occurs 
the  diffetential  pressure  projects  a  fresh  shell  from  the 
feeding  tube  into  the  gun  tube. 

Means  are  provided  for  introducing  hyptrgolic  liquid 
propellants,  such  as  aniline  and  an  oxidizer  such  as  nitric 
acid,  or  HiO,  and  alcohol  and  water,  or  NO,  plus  alcohol 
or  NOj,  or  Hydrazine  (N-H4),  or  HsO  said  NHj,  or  many 
others  of  adequate  energy  and  logistic  properties,  into 
the  combustion  chi  Tiber  to  build  up  and  maintain  the 
proiectile  discharging  pressure  within  the  gun  tube  and 
pressure  chamber  and  to  maintain  a  predetermined  pres¬ 
sure  differential  between  tbe  combustion  chamber  and 
the  shell  feeding  magazine  for  feeding  a  projectile  from 
the  magazine  tube  into  the  gun  tube  each  time  c  projectile 
is  discharged  from  the  gun  tube  or  barrel,  means  being 
also  provided  for  storing  up  an  initial  gas  pressure  for 
initiating  tne  firing  cycle  of  the  gun. 

Tbe  principle  of  operation  of  my  automatic  gun  device 


is  to  maintain  a  predetermined  minimum  working  pres¬ 
sure  in  the  combustion  and  pressure  chambers  at  all  times 
during  the  operation  of  the  gun  by  feeding  hyperbolic 
liquid  propellants  into  tbe  combustion  chamber  pre¬ 
determined  rates  to  produce  this  pressure  and  conveying 
this  pressure  into  a  pressure  chamber  at  the  rear  end  of 
the  shell  feeding  magazine  tube  behind  a  piston  therein 
for  feeding  or  advancing  the  projectiles  forwardly  toward 
the  gun  barrel  or  tube,  a  pressure  regulator  being  pro¬ 
vided  in  the  magazine  tube  for  maintaining  the  pro,ectile 
feeding  tube  pressure  at  a  predetermined  value  which  is 
slightly  higher  than  the  minimum  combustion  chamber 
pressure,  wherety  when  a  projectile  is  fed  forwardly  by 
the  above  differential  minimum  pressures  into  rise  gun 
tube  the  projectile  will  temporarily  block  the  guu  barrel 
to  permit  the  combustion  chamber  pressure  to  build  up 
to  a  predetermined  maximum  working  pressure  for 
driving  the  projectile  through  the  gun  barrel.  The  ex¬ 
haust  nozzles  at  the  rear  ends  of  tbe  rearwardly  extending 
23  exhaust  tubes  from  the  combustion  chamber  are  so  pro¬ 
portioned  relative  to  the  area  of  the  gun  barrel  to  mini¬ 
mize  tbe  recoil  caused  by  gases  being  discharged  for¬ 
wardly  through  the  gun  barrel  following  each  discharge 
of  a  projectile  or  shell. 

Other  objects  and  advantages  of  the  invention  will  be¬ 
come  apparent  from  the  following  description  taken  in 
connection  with  the  accompanying  drawings  in  which  like 
reference  characters  refer  to  like  parts  in  the  several 
figures. 

Drawings 
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Figure  1  is  a  somewhat  schematic  longitudinal  sectional 
view  through  an  improved  g'JC  construction  incorporating 
my  invention. 

Figure  2  is  a  schematic  longitudinal  sectional  view 
35  through  a  slightly  modified  form  of  liauid  hypergolic 
propellant  actuated  gun.  incorporating  my  invention. 

Referring  to  Figure  1,  the  reference  number  1  denotes 
a  combustion  or  fuel  mixing  and  burning  chamber  having 
liquid  propellant  supply  conduits  2  and  3  connected 
thereto  for  supplying  hypergolic  propellants  into  tbe 
combustion  chamber  I  in  desired  quantities  or  at  desired 
rates.  Suitable  control  valves  2*  and  3=  may  be  provided 
for  controlling  the  rates  of  delivery  of  tbe  propellants  into 
the  combustion  chamber  I.  These  valves  may  be  of  the 
conventional  pressure  controlled  or  regulated  types. 

Tbe  combustion  chamber  I  surrounds  the  forward  end 
of  a  projectile  or  shell  feeding  tube  or  magazine  4  which 
is  adapted  to  receive  a  plurality  of  projectiles  or  explosive 
shells  5,  the  length  of  the  tube  4  being  determined  by  toe 
ctimber  of  projectiles  to  be  handled  therein.  Latch  or 
holding  means  6  is  provided  for  engagement  with  the  first 
of  the  shells  5  in  the  magazine  tube  4,  preferably  at  its 
rear  end,  to  nrevent  rearward  movement  of  that  shell 
mice  it  has  been  advanced  into  the  forward  end  of  tbe 
magazine  t  'bo  *  *  piston  or  follower  member  7  is  dis¬ 

posed  in  the  'ear  er.d  of  toe  magazine  tube  4,  stop  means 
8  being  disposed  in  the  magazine  in  the  rear  of  the 
piston  7  to  prevent  rearward  travel  of  the  piston  beyond 
the  position  shown  in  Figure  i  leaving  a  gas  pressure 
chamber  9  between  the  piston  7  and  tbe  rear  end  of  toe 
magazine  tube  4.  A  maximum  pressure  regulating  v«Ive 
10  is  disposed  in  toe  closure  for  tbe  rear  end  of  toe 
tube  4,  ton  valve  is  adjusted  to  limit  the  ma-.imum  pres¬ 
sure  in  the  chamber  9  operable  against  the  piston  fol¬ 
lower  7. 

Forts  or  apertures  11  are  formed  in  tbe  front  end  of 
toe  magazine  tube  4  and  had  from  tbe  combustion 
chamber  1  through  tbe  front  end  of  the  magazine  tube  4 
into  the  gun  pressure  chamber  12,  tbe  front  end  of  tot 
pressure  chamber  12  having  an  opening  13  m  communi¬ 
cation  with  a  gun  tube  or  band  14  disposed  in  axial 
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alignment  with  the  magazine  tube  4  with  its  rear  end 
spaced  from  the  forward  end  of  the  magazine  tube  4. 
Projectile  or  shell  guide  bars  iS  may  be  provided  to 
bridge  the  gup  between  the  adjacent  spaced  ends  of  the 
magazine  feeding  and  gun  tubes  4  and  14  for  guiding  the 
shells  into  the  breech  end  of  the  gun  barrel. 

Exter.oing  rcarwardly  at  opposite  sides  of  the  magazine 
tube  4,  from  the  gun  pressure  chamber  12,  is  a  pair  of 
recoil  absorbing  exhaust  tutes  16,  each  tube  having  a 
restricted  discharge  nozzle  17  facing  rcarwardly.  The 
exhaust  tubes  16  function  to  reduce  the  recoil  by  opposing 
the  recoil  thrust  pressure  of  the  gases  from  the  combus¬ 
tion  and  pressure  chambers  1  and  12  leaving  the  gun  tube 
14,  the  nozzles  17  constituting  jet  means  facing  rearwards 
for  producing  forward  thrust  on  the  gun  unit  as  a  whole 
fa  proportion  to  the  pressure  within  the  gun  pressure 
chamber  12. 

The  magazine  or  shell  feeding  tube  4  has  a  gas  inlet 
port  18  located  adjacent  the  rear  end  thereof  between 
the  piston  member  7  and  the  pressure  regulating  valve 
10.  A  gas  supply  or  pressure  conduit  19  is  connected 
to  this  gas  iclet  port  *8  at  one  end  and  at  its  other  end 
to  the  combustion  chamber,  i  and  contains  a  check 
valve  20  opening  toward  the  ‘magazine  tube,  permitting 
gas  and  pressure  to  pass  from  the  combustion  chamber 
1  through  the  conduit  19  into  the  magazine  tube  4  be¬ 
hind  the  follower  piston  member  7  but  preventing  leak¬ 
age  ct  gas  or  pressure  in  tile  opposite  direction  through 
the  part  18.  The  combustion  chamber  1  also  has  a  gas 
or  pressure  discharge  pert  21  in  communication  with  a 
gas  delivery  conduit  72  having  a  control  vaive  23  there¬ 
in,  the  conduit  22  being  connected  to  an  emerged  pres¬ 
sure  storage  chamber  24  disposed  in  parallel  relation 
at  one  side  of  the  gun  barrel  14.  The  pressure  storage 
chamber  24  comprises  a  cylinder  having  a  piston  mem¬ 
ber  25  arranged  to  travel  therein  intermediate  its  ends.  A 
conduit  26  is  connected  at  one  end  to  a  port  27  formed 
in  the  forward  closed  end  of  the  storage  chamber  24, 
the  ether  end  of  this  conduit  26  being  connected  to  a 
port  28  in  the  wall  of  the  gun  barrel  or  shell  14,  slightly 
forward  of  the  position  occupied  by  a  shell  or  projectile 
when  it  is  ftrsi  introduced  into  the  gun  barrel.  Check 
valve  29  is  'ocated  in  the  conduit  25  to  permit  gas  and 
pressure  flew  from  the  pressure  chamber  12  into  'he 
pressure  storage  chamber  24  after  the  projectile  or  shell 
5  in  the  gun  barrel  moves  forwardly  and  uncovers  the 
port  25.  With  the  control  va've  23  closed,  each  time  3 
projectile  5  is  discharged  from  the  guu  barrel  14  anc  ike 
port  28  ;s  uncovered  the  combustion  chamber  pressure 
becomes  effective  in  the  storage  tube  or  chamber  24  to 
move  the  piston  25  to  the  'eft  ai  shown  in  Figure  1 
to  increase  the  pressure  in  the  pressure  storage  tube  24. 
This  itored  pressure  in  chamber  24  provides  pearls  for 
discharging  the  in. tin!  projcct'lc  or  round  5  from  the 
magazine  tube  I  into  the  breach  of  the  gun  barrel  14, 
when  the  cor'rol  valve  23  is  initially  opened.  Pressure 
from  the  pressure  storage  chamber  24  can  also  be  used 
to  pressurize  the  hypcrgolic  liquid  propellant  supply 
tanks,  shown  diarrar.tmaiically  at  30  and  31  con¬ 
necting  the  tanks  30  and  31  to  the  storage  chan,  24 
by  conduits  30*  and  3 1*  each  having  a  control  valve  305 
and  31e  therein  connected  to  a  common  supply  conduit 
32. 

In  the  operation  of  the  gun  show  n  in  Fig  re  i  it  will 
be  assumed  that  the  magazine  barrel  or  tube  4  has 
been  loaded,  ether  through  its  rear  end  by  removal  of 
the  pressured  regulator  device  or  through  a  loading  port 
in  its  side.  Opening  of  the  valve  23  admits  pressure  to 
the  combustion  chamber  1.  This  pressure,  through  the 
conduit  19,  creates  pressure  in  the  chamber  9  at  the 
rear  end  of  the  magazine  tube  4,  causing  the  piston 
number  7  to  advance  the  first  projectile  or  shell  5  into 
the  rear  end  or  breach  portion  of  the  gun  barrel  14. 
Wien  the  hypcrgolic  liquid  propellants  from  the  tanks 
30  and  31  are  admitted  into  tie  combustion  chamber  1 


4 

in  suitably  regulated  ratios  these  bum,  causing  the  pres¬ 
sure  to  rise  quickiy  in  tht  gin  pressure  chamber  12, 
for  instance  to  perhaps  10,000  pounds  per  square  inch. 
This  pressure  becomes  effective  to  drive  the  first  pro- 
i,  jectile  5  out  of  the  gun  tubs  at  high  velocity  and  due  to 
the  continued  inflow  of  the  propellant  components  this 
pressure  remains  at  near  that  constant  value  throughout 
the  passage  of  the  shell  5  through  the  barrel  14.  This 
pressure  also  becomes  effective,  due  to  the  rearward  jet 
10  discharge  of  the  pressure  through  the  exhaust  tubes  and 
nozzles  l7,  to  exert  forward  thrust  on  the  gun  unit  to 
reduce  or  eliminate  the  recoil  thrust  caused  by  the  gases 
leaving  the  gun  tube  14,  the  exhaust  tubes  16  having  sub¬ 
stantially  the  same  cross  sectional  area  as  that  of  the 
15  gun  bane?  14.  After  the  shell  leaves  tbe  barrel  14  the 
pressure  in  the  barrel  and  combustion  chamber  1  dtops, 
but  the  rate  or  quantity  of  propellant  flow  is  substan¬ 
tially  constant  and  is  such  as  to  still  maintain  a  consider¬ 
able  pressure  in  the  pressure  chamber  12  of  say  about 
20  5,000  pounds  per  square  inch. 

Gas  under  pressure  in  the  meantime  is  being  bled 
through  the  conduit  19  and  check  valve  20  into  the  gas 
chamber  9  and  its  pressure  is  immediately  released  down 
to  the  slightly  above  the  minimum  gun  pressure  chamber 
25  pressure,  say  about  5,200  pounds  per  square  inch,  there¬ 
by  rebuilding  the  pressure  chamber  in  9  to  its  original 
5200  pound  value  following  the  increase  in  volume  of 
this  chamber  by  one  shell,  due  to  tbe  expenditure  of 
one  shell.  When  the  first  shell  5  leaves  the  muzzle  and 
30  the  gases  are  exhausted  both  fore  and  aft  from  tubes 
14  and  16  the  pressure  in  tbe  combustion  chamber  I 
and  in  the  gun  pressure  chamber  12  drops  tc  the  pre¬ 
determined  minimum  say  about  5000  pounds  per  square 
inch,  permitting  the  higher  regulated  pressure  of  5200 
35  pounds  per  square  inch  in  gas  chamber  9  to  force  the 
next  shell  or  projectiir  5  forwardly  into  the  breach  of 
the  gun  barrel  14  and  again  close  the  gun  tube  14,  caus¬ 
ing  tits  pressure  in  chamber  12  to  again  increase  to  the 
maximum,  or  about  1C, 000  pounds  as  the  second  shell  5 
<0  is  discharged  through  the  tube  14. 

Cylinders  or  tanks  39  and  31  containing  the  com¬ 
ponents  of  tbe  propellant  and  pressurized  and  replen¬ 
ished  as  to  pressure  in  the  same  manner  as  is  the  am¬ 
munition  feed  or  magazine  tube  4.  As  ibe  shell  5  leaves 
45  its  initial  seating  position  in  the  breach  of  the  barrel 
14  the  port  28  in  gun  tube  14  is  uncovered,  and  the 
higher  pressure  cf  say  10,000  pounds  becomes  effective 
to  pressurize  tbe  tanks  30  and  31  to  a  substantially  simi¬ 
lar  amount  of  pressure.  Fuel  flow,  once  started  is  gov- 
50  creed  entirely  by  transient  pressure  ratios  in  tbe  storage 
chamber  24  and  in  the  gas  chamber  12. 

The  gun  tube  14  is  preferably  relatively  long  so  that 
high  velocities  resu't  from  tbe  use  of  low  gjn  barrel 
pressures.  This  aho  permits  the  use  of  a  gun  tube 
55  Laving  a  relatively  thin  wall.  Since  hvpergolic  fuels  are 
proposed  no  separate  ignition  system  is  required.  The 
gun  barrel  may  be  rilled,  also  conical  or  cylindrical  pro¬ 
jectiles  or  shells  may  be  employed. 

Referring  to  tbe  slightly  modified  form  of  the  inven- 
eo  tion,  as  illustrated  in  Figure  2,  the  reference  number 
35  denotes  a  combustion  or  pressure  chamber  having 
hypcrgolic  liquid  repellant  supply  conduits  36  and  37 
connected  thereto,  one  of  the  conduits,  for  instauae  36, 
supplying  ,uel  into  the  combustion  chamber  under  pres- 
65  sure  from  a  supply  tank  not  shown  while  tbe  other  con¬ 
duit  supplies  the  liquid  oxidize r  component  into  the 
comtustion  chamber  under  pressure  from  a  suitable  oxi¬ 
dizer  tank  (not  shown).  The  hypcrgolic  fuel  and  oxi¬ 
dizer  liquid  components  are  supplied  at  predetermined 
70  rates  under  the  control  of  suitable  valves  and  pressure 
regulators  to  maintain  a  predetermined  minimum  work¬ 
ing  pressure  in  tbe  combustion,  for  example  of  3,000 
pounds  per  square  inch. 

Extending  forwardly  from  the  front  end  wall  of  the 
79  combustion  chamber  35  is  the  gun  tube  or  barrel  38 
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while  a  recoil  absorbing  exhaust  tube  39,  having  a  ci.niiar 
cross  section  to  that  of  the  barrel  38,  extends  from  the 
combustion  chamber  in  the  opposite  direction,  a  restrict' 
ed  exhaust  nozzle  being  forced  on  the  rear  end  of  the 
exhaust  rube  39. 

Hyperbolic  liquid  propellants  are  fed  into  the  combus¬ 
tion  chamber  at  predetermined  uniform  rates  or  ratios  to 
maintain  the  minimum  predetermined  pressure  in  the  com¬ 
bustion  chamber  of,  for  instance  3,000  pounds  when  there 
is  no  projectile  or  obsiruction  in  the  gun  barrel  33.  Under 
these  conditions  the  gases  from  the  combustion  chamber 
discharge  forwardly  and  at  the  same  time  rear  warily 
through  the  gun  barrel  and  exhaust  tubes  respectively,  the 
rearwardly  extending  exhaust  tube  discharge  or  thrust 
opposing  the  rearward  thrust  caused  by  the  gas  discharge 
fbrwarnty  through  the  gun  barrel  38.  In  other  words, 
the  exhaust  tube  discharge  eliminates  or  counteracts  the 
recoil  action  of  the  gun  tube  discharge.  Located  in  front 
of  the  combustion  chamber  35,  and  extending  upwardly 
from  the  gun  tube,  is  a  projectile  supply  and  feeding  tube 
or  magazine  41.  This  tube  41  opens  a>  its  lower  end 
into  the  upper  half  of  the  gun  barrel  38  at  a  slight  distance 
forward!;'  of  the  front  end  of  the  combustion  or  pressure 
chamber  35.  The  magazine  41  is  sufficiently  long  to 
contain  a  desired  number  of  projectiles  or  balls  42.  and  is 
preferably  cylindrical  to  receive  a  piston  member  and 
gas  seal  43.  means  also  being  provided  in  the  form  of  a 
ratchet  member  cr  reverse  motion  check  device  44  permit¬ 
ting  movement  of  the  piston  43  downwardly  but  resisting 
movement  of  the  piston  and  gas  seal  or  the  projectiles  in 
the  opposite  or  upward  direction.  Tae  upper  portion  of 
the  magazine  tube  41  is  enlarged  as  shown  in  the  drawings 
to  provide  an  elongated  pressure  charmer  45  having  a 
pressure  regulator  46  in  the  upper  end  thereof  for  con¬ 
trolling  the  maximum  pressure  in  the  chamber  45  so  as  to 
maintain  the  same  at  a  slightly  greater  pressure  than  the 
minimum  controlled  pressure  in  the  combustion  chamber 
35,  fer  instance,  to  maintain  pressure  in  the  chamber  45 
a?  3,10-0  pounds  per  square  inch.  The  chamber  45  is  con¬ 
nected  n  the  combustion  chamber  35  by  a  pressure  supply 
conduit  47  having  a  check  valve  48  therein,  permitting 
gas  flew  from  the  combustion  chamber  35  irto  the  pres¬ 
sure  chamber  45. 

Operation  of  the  apparatus  shown  in  Figure  2  is  as 
follows:  Assuming  that  the  magazine  tube  41  is  loaded 
with  boils  of  projectile  42  and  the  chamber  da  is  pressur¬ 
ized  initially  by  some  outside  means,  feeding  for  the  first 
round  into  banc!  38.  to  some  pressure  which  is  higher 
than  the  minimum  pressure  :n  the  combustion  chamber 
35  with  both  of  the  orifices  or  tubes  33  and  39  open,  say 
a  presru  e  of  3,100  pounds  as  is  present  in  chamber  45 
as  determined  by  the  regu.ating  pressure  valve  46,  and  that 
the  hspercoiic  propcllarts  are  introduced  into  the  com¬ 
bustion  cl  amber  at  rates  to  maintain  a  slightly  lower  pre- 
detemlcei  minimum  pressure  in  the  combustion  chamber 
of  say  3,1)00  pounds  while  both  of  the  tubes  38  and  39 
are  open.  The  first  ball  42  when  released  is  forced  down¬ 
wardly  irto  the  gun  barrel  38  by  the  3,100  pounds  pres¬ 
sure  beaind  it,  acting  on  the  one  way  piiton  43  and  the 
column  if  balls  41—41.  The  gun  barrel  38  up  to  now 
being  order  3.000  per  square  inch  minimum  pressure.  As 
soon  as  the  'cwtr  ball  42  is  forced  Into  the  gun  barrel  38 
by  .he  excess  100  pound  pressure  the  flow  of  gas  out  of 
the  gua  Barrel  38  is  interrupted  and  pressure  in  the  com- 
bu-tioi  chamber  35  now  raises  to  a  tr.ucb  greater  amount 
say  aocut  6.000  pounds  per  square  inch.  This  is  because 
iLc  ptopeliant  fr-ed  is  constant  and  the  orifice  discharge 
area  is  reduced  one-half  by  the  blocking  of  the  gun  barrel 
by  the  ball  41.  As  soon  as  the  bail  is  driven  out  of  the 
gun  barrel  31  by  the  maximum  5,000  per  square  inch 
built  rp  pre'turt,  gas  can  again  flow  cut  of  both  orifices 
or  tubes  38  and  39  and  the  pressure  in  the  combustion 
chamber  35  drops  again  to  th;  origin.-.!  minimum  value  of 
about  3.00J  pounds.  This  permits  the  feeding  of  the  next 
ball  in.o  the  gun  tube  38  from  the  magazine  41  under  the 
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excess  100  pound  pressure  in  the  pressure  chamber  35  and 
the  firing  operation  of  the  gun  is  repeated  until  the  bail 
magazine  is  empty. 

Although  two  specific  embodiments  of  the  invention 
6  have  been  described  zfcove  and  shown  in  the  accompanying 
drawings,  it  will  be  understood  that  other  embodiments 
and  modifications  will  become  apparent  to  those  s'cilled 
in  the  art  Accordingly,  the  foregoing  disclosure  is  in¬ 
tended  to  be  illustrative  and  is  cot  to  be  construed  in  a 
10  limiting  sense  as  various  modifications  may  be  made  with¬ 
out  departing  from  the  spirit  of  the  invention  as  defined 
in  the  accompanying  claims. 

I  claim: 

1.  In  a  hypereclic  liquid  propellant  gun,  an  elongated 
15  combustion  chamber  having  front  and  rear  ends,  a  gun 
barrel  projecting  forwardly  from  the  front  end  of  the 
combustion  chamber  in  communication  therewith,  a  shell 
feeding  magazine  tube  projecting  rearward!-.-  from  the  rear 
end  of  the  combustion  chamber  in  axial  alignment  with  the 
20  gun  barrel,  in  communication  at  its  front  end  with  the  rear 
end  of  the  combustion  chamber,  hypergoiic  propellant 
supply  means  including  conduit  means  for  supplying  at 
least  two  hypergoiic  propellants  separately  into  the  com¬ 
bustion  chambers  at  a  predetermines  rate  to  be  burned 
25  therein  to  pressurize  the  combustion  chamber,  pressure 
operated  means  in  said  magazine  tube  for  feeding  shells 
from  said  magazine  to  be  irto  the  rear  end  of  said  gun 
barrel  comprising  a  pressure  conduit  connected  between 
the  combus’ion  chamber  and  the  rear  end  portion  of  the 
30  magazine  tube  to  pressurize  the  tube,  a  check  valve  in  said 
pressure  conduit,  and  a  pressure  regulator  in  communica¬ 
tion  with  the  rear  end  portion  of  the  magazine,  tube  to 
maintain  the  shell  feeding  pressure  therein  at  a  predeter¬ 
mined  value  during  operation  of  the  gun  which  is  greater 
35  than  the  minimum  pressure  within  the  combustion  cham¬ 
ber  when  the  gun  barrel  is  empty  and  less  than  the  maxi¬ 
mum  pressure  in  the  combustion  chamber  afier  the  shell 
is  introduced  into  the  banel  and  before  the  same  is  dis¬ 
charged  therefrom. 

40  2.  In  a  hypergoiic  liquid  propellant  operated  gun,  a 

combustion  chamber,  ..  gun  barrel  projecting  forwardly 
from  the  combustion  chamber  in  communication  there¬ 
with  a  projectile  feeding  magazine  lube  projecting  rear- 
wardly  from  the  combustion  chamber  in  axial  alignment 
is  with  '.be  gun  barrel  and  in  communication  with  the  com¬ 
bustion  chamber  for  receiving  a  plurality  of  projectiles 
and  feeding  the  same  into  the  rear  end  gun  barrel  one  at 
a  time,  an  exhaust  tube  in  communication  with  the  com¬ 
bustion  chamber  intermediate  the  gun  barrel  and  maga- 
50  rine  tube  and  discharging  in  diametrically  opposite  direc¬ 
tions  to  the  gun  barrel  for  absorbing  recoil  during  dis¬ 
charge  of  projectiles  from  the  gun  barrel,  a  restricted  dis¬ 
charge  nozzle  at  the  rear  end  of  said  exhaust  tube  plural 
hypergoiic  liquid  propellant  supply  means  including  plural 
ua  conduit  means  therefrom  connected  to  »he  combustion 
chamber  for  continuously  feeding  hypergoiic  propellants 
separately  into  the  combustion  chamber  at  pressures  in 
excess  of  the  maximum  combustiot  chamber  pressure  dur¬ 
ing  operation  of  the  gun,  means  for  regulating  the  relative 
go  rates  of  feed  of  the  hypergoiic  propellants  into  the  com¬ 
bustion  chamber  to  predetermine,  the  maximum  build  up 
pressure  therein  when  a  projecti'e  is  introduced  into  the 
gun  barrel  to  obsvuct  the  combustion  chamber  discharge 
therefrom  through  the  gun  barrel  and  determine  minimum 
oo  pressure  in  the  -ombustion  chamber,  gun  barrel,  and  ex¬ 
haust  tube,  after  the  projectile  has  been  discharged  from 
the  gun  tube  and  before  another  projectile  is  introduced 
into  the  gun  banel,  pressure  operated  piston  means  in 
said  magazine  t  ibe  for  progressively  feeding  projectiles 
from  the  magazine  tube  into  the  rear  end  of  the  gun  barrel 
irvl.i.-tin;  -  pressure  chamber  and  pistes  member  in  the 
rear  end  of  the  magazine  tube  in  communication  with  the 
combustion  chamber  and  a  pressure  regulator  in  the  maga¬ 
zine  tube  pressure  chamber  for  maintaining  pressure  in  the 
75  magazine  tube  behind  said  piston  means  above  said  mini- 


2,666,000 


num  combustion  chamber  pressure  ar.d  below  said  maxi¬ 
mum  combustion  chamber  pressure,  and  means  in  raid 
magazine  tube  for  holding  the  projectiles  therein  against 
rearward  movement  during  the  time  pressure  in  the  com¬ 
bustion  chamber  exceeds  pressure  in  the  pressure  chamber. 

3.  In  a  liquid  propellant  operated  repeating  gun,  a  gun 
barrel,  a  combustion  and  pressure  chamber  connected 
to  the  rear  of  the  gun  barrel  in  camrm  ri  .ation  there¬ 
with,  a  proiectile  feeding  magazine  tube  extending  rear* 
wardly  in  spaced  axial  alignment  to  the  rear  end  of  the 
gun  barrel  with  its  front  end  op- nil  g  into  said  combus¬ 
tion  and  pressure  chamber,  said  n  egazine  tube  being 
adapted  to  receive  a  plurality  of  projectiles  therein, 
means  in  ihe  magazine  tube  for  treventlng  rearwa.d 
movement  of  the  projectiles  therein,  a  closure  at  the  rear 
end  of  the  magazine  tube,  pressure  regulating  means  in 
communication  with  the  rear  end  o:  the  magazine  tube, 
a  piston  member  disposed  in  the  nugazine  tube  for  pro¬ 
jectile  feeding  engagement  with  the  rearmost  project;'® 
in  the  magazine  tube,  stop  means  ia  tl  e  magazine  tube 
limiting  rearward  movement  of  the  piste:  i  member,  a  pres¬ 
sure  supply  conduit  connected  between  the  combustion 
and  pressure  chamber  and  the  rear  poriion  of  the  maga¬ 
zine  tube  intermediate  said  piston  and  the  rear  end  clo¬ 
sure.  check  valve  means  in  said  pressure  conduit  to  per¬ 
mit  pressure  flow  from  the  combustion  chamber  into 
the  magazine  tube  rear  portion,  a  pair  oi  counter-recoil 
exhaust  tubes  connected  to  the  (opposite  sides  of)  com¬ 
bustion  and  pressure  chamber  and  extending  rearwardiv 
at  opposite  sides  cf  the  magazine  tube  in  parallel  spaced 
relation  ihc~eto,  restricted  exhaust  nozzle  means  at  the 
rear  ends  of  the  exhaust  tubes  facing  rearwardly,  a  pail 
of  liquid  propellant  supply  conduits  connected  to  the 
interior  of  the  combustion  chamber  in  spaced  relation 
to  each  ether  for  supplying  liquid  hypergclic  propellants 
separated  into  the  combustion  chamber,  means  for  regu¬ 
lating  the  relative  rates  of  flow  of  the  propellants  into 
the  combustion  chamber  to  determine  the  maximum  pres¬ 
sure  therein  when  the  gun  barrel  is  closed  by  the  intro¬ 
duction  of  a  projectile  into  the  gun  barrel  from  the  maga¬ 
zine  tube,  and  to  determine  the  minimum  pressure  ia  the 
combustion  chamber  when  the  gun  barrel  is  empty,  a 
pressure  delivery  conduit  connected  at  one  end  in  com¬ 
munication  with  the  interior  of  the  gun  barrel  adjacent 
its  rear  end.  just  forwardly  of  the  position  occupied  by 
a  projectile  whan  introduced  in  the  rear  end  of  the  gun 
fc'rrel,  a  pressure  cylinder  having  a  piston  therein,  said 
pressure  delivery  conduit  being  connected  to  the  pressure 
cylinder  at  one  side  of  the  piston,  check  valve  means  in 
the  pressure  delivery  conduit  for  admitting  pressure  from 
the  gun  barrel  into  the  pressure  cylinder  when  the  pies- 
sure  delivery  conduit  is  uncovered  by  the  passage  of  a 
projectile  forwardly  from  the  rear  end  of  the  gun  bar¬ 
rel,  a  pressure  supply  conduit  connected  at  one  end  to 
the  combustion  chamber  and  at  its  other  end  to  t’ue  pres¬ 
sure  cylinder  at  tne  ether  side  of  the  piston  therein,  and 
control  valve  means  in  the  pressure  delivery  conduit  for 
controlling  the  ptessure  from  the  pressure  cylinder  into 
said  combustion  and  pressure  chamber. 

4.  In  a  liquid  propellant  operated  repeating  gun,  a  gun 
barrel  having  a  breach  end  for  receiving  projectiles  to  be 
discharged  through  the  barrel,  a  projectile  supply  maga¬ 
zine  tube  for  the  gun  barrel  disposed  in  rearwardly  spaced 
relation  to  the  breach  end  of  the  gun  barrel  in  axial 
alignment  with  the  gun  barrel,  and  adopted  to  contain  a 
supply  o.  projectiles,  an  enlarged  pressure  chamber  con¬ 
nected  to  the  breach  end  of  the  gun  barrel  ar J  the 
front  end  of  the  magazine  tube  in  communication  respec¬ 
tively  with  >he  barrel  and  tube,  a  plurality  of  exhaust 
recoil  tubes  in  communication  wirh  the  pressure  cham¬ 
ber  and  extending  tearwardly  tberefrom  in  parallel  re¬ 
lation  to  the  magazine  tube,  the  combined  cross  sec¬ 
tional  exhaust  area  of  said  exhaust  tubes  being  substan¬ 
tially  equal  to  the  cross  sectional  area  of  the  interior 
of  the  gun  barrel,  exhaust  nozzles  at  the  rear  ends  of 
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the  exhaust  tubes  discharging  rearwardly,  a  combustion 
chamber  surrounding  the  inner  end  of  the  magazine  tube, 
the  forward  end  of  said  magazine  tune  having  pressure 
discharge  pom  formed  therethrough  to  establish  com- 
5  rubrication  between  the  combustion  chamber  and  the 
pressure  chamber  through  the  forward  end  of  the  <aga- 
ane  tube.  projectile  holding  means  disposed  ia  the  maga¬ 
zine  tube  adjacent  its  forward  end  tor  engaging  and  hold¬ 
ing  a  projecti  e  in  the  magazine  tube  against  rearward 
13  movement  when  the  projectile  is  moved  to  a  position 
adjacent  tie  forward  cad  of  the  tube,  rearwardly  of  the 
parts  ia  the  tube,  a  pirton  member  movable  in  the  tube 
>or  advancing  the  projectiles  toward  the  front  erd  cf  the 
.ube,  stop  means  in  the  tube  for  engagement  with  the 
15  piston  ts  prevent  rearward  movement  thereof,  pressure 
regulator  means  fornrng  a  elesure  tor  the  rear  end  cf  the 
tube,  a  press't.  supply  cenduit  connected  in  communi¬ 
cation  with  .he  combustion  chamber  at  one  end  and 
connected  at  its  other  end  in  communication  with  the 
20  interior  of  the  magazine  tube  intermediate  the  piston 
and  the  pressure  regulator,  check  valve  means  in  the 
pressure  supply  conduit  opening  toward  the  magazine 
tube  connected  end  of  the  conduit,  separate  hj-pergolic 
liquid  supply  consults  disposed  in  con-.mun'cstion  with 
25  the  interior  of  the  combustion  chamber  for  feedeg  hyper- 
goiic  liquid  propellants  separately  into  the  combustion 
chamber  and  regulating  means  in  said  separate  conduits 
for  regulating  relative  the  rates  of  introduction  of  the 
hypercolic  liquid  propellants  into  the  combustion 
30  chamber. 

5.  Apparatus  as  claimed  in  claim  4  including  a  pres¬ 
sure  cylinder  having  a  piston  therein,  a  pressure  supply 
conduit  connected  at  one  end  to  the  pressure  cylinder 
at  on:  side  of  the  pistor_  and  connected  at  its  other  end 

35  ia  communication  with  the  interior  of  the  gun  barrel 
through  a  port  in  the  gun  barrel  located  in  advance 
cf  the  position  of  a  projectile  when  introduced  into  the 
projectile  receiving  end,  said  port  being  uncovered  by 
the  forward  movement  of  the  projectile  from  the  projec- 
40  tile  receiving  end  to  establish  communication  between  the 
last  mentioned  pressure  supply  conduit  and  the  pressure 
chamber,  a  check  valve  m  said  last  mentioned  pressure 
supply  conduit  opening  toward  the  pressure  cylinder,  a 
pressure  supply  conduit  connected  between  the  pressure 
45  cylinder  3t  the  other  side  of  the  piston  and  the  interior 
of  tie  combustion  chamber,  and  valve  control  means  in 
the  last  mentioned  conduit  for  controlling  pressure  from 
the  pressure  chamber  to  the  combustion  chamber. 

6.  Apparatus  as  claimed  in  claim  5  in  which  the  pres- 
50  sure  regulator  means  for  the  pressure  in  the  rear  of  the 

magazine  tube  in  back  of  the  piston  therein  comprises 
means  foi  maintaining  a  differential  pressure  on  the  pis¬ 
ton  jus:  mentioned  exceeding  the  pressure  in  the  pressure 
chamber  when  the  gun  barrel  is  empty  and  less  than  the 
55  pressure  in  the  pressure  chamber  wnen  the  gun  barrel  re¬ 
ceives  a  projectile  in  its  receiving  end. 

7.  In  a  liquid  propellant  gun  of  the  bypergolic  type,  a 
combustion  chamber,  a  gun  barrel  extending  forwardly 
therefrom  with  its  rear  end  in  communication  with  said 

50  combustion  chamber,  recoil  absorbing  exhaust  tube 
means  extending  rearwardly  from  the  combustion  cham¬ 
ber  in  diametrically  opposite  direction  from  the  g»n  bar¬ 
rel  and  in  communication  with  the  interior  of  the  com¬ 
bustion  chamber,  exhaust  nozzle  means  at  the  rear  ends 
55  of  the  exhaust  tube  means  discharging  rearwardly,  the 
cross  sectional  exhaust  area  of  said  recoil  absorbing  tube 
means  and  said  gun  barrel  being  substantially  equal,  by- 
pergobe  fuel  and  oxidizer  liquid  propellant  means  for  in¬ 
troducing  liquid  bypergolic  fuel  and  oxidizer  propellants 
into  the  combustion  chamber  to  be  burned  therein  to 
create  a  predetermined  minimum  combustion  chamber 
pressure  when  the  gun  barrel  is  empty  of  projectiles  and 
causing  a  predetermined  maximum  combustion  chamber 
pressure  where  the  gun  barrel  is  blocked  by  a  projectile 
15  therein,  a  projectile  feeding  ttagarinc  tube  connected  to 
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the  gun  barrel  through  a  projectile  introducing  port  in 
the  gun  barrel  adjacent  the  rear  end  cf  the  gun  barrel,  a 
piston  in  said  magazine  tube  for  feeding  projectiles  from 
the  magazine  tube  into  the  gun  barrel  one  at  a  time,  pro¬ 
jectile  holding  means  in  said  magazine  tube  disposed  rear- 
wardly  of  projectiles  introduced  therein  for  preventing 
rearward  projectile  movement  of  projectiles  in  the  maga¬ 
zine  tube,  an  enlarged  pressure  chamber  connected  to  the 
magazine  tube  in  rear  of  the  piston  therein,  a  pressure 
regulator  valve  connected  t>  the  enlarged  pressure  cham¬ 
ber  maintaining  a  maximum  operating  pressure  in  said 
enlarged  pressure  chamber  greater  than  the  minimum 
combustion  chamber  when  the  gun  barrel  is  empty  and 
less  than  '.he  combustion  chamber  pressure  when  the  gun 
barrel  is  blocked  by  a  projectile  from  the  magazine  tube, 
a  pressure  sue  ply  conduit  connected  at  one  end  with  the 
interior  of  the  combustion  chamber  and  at  its  opposite 
end  to  the  interior  of  the  pressure  chamber,  and  check 
valve  means  in  said  pressure  supply  conduit,  opening  to¬ 
ward  said  pressure  chamber. 

8.  In  a  hypc-golic  liquid  propellent  gun.  a  gun  barrel, 
a  combustion  chamber  in  communication  wiih  the  rear 
end  of  the  gun  barrel,  recoil  absorbing  means  compris¬ 
in'  an  exhaust  tube  in  communication  with  said  com¬ 
bustion  chamber  and  extending  therefrom  in  a  direction 
rearwardly  of  the  direction  of  the  gun  barrel  having  a 
resfrie'ed  exhrust  passage,  a  projectile  magazine  tube  hav¬ 
ing  a  projectile  delivery  end  in  communication  with  the 
combustion  chamber  and  the  rear  end  portion  of  the  gun 
barrel  at  i:s  projectile  delivery  end  for  guiding  projectiles 
from  the  magazine  tube  into  the  said  rear  eio  portion  of 
the  gun  barrel,  piston  means  in  the  magazine  tube  in  rear 
of  the  projectiles  when  introduced  in  the  magazine  tube 
for  advancing  the  projectiles  toward  the  delivery  end,  • 
pressuic  chamber  in  communication  with  the  interior  of 
the  magazine  tube  rearwardly  of  the  piston  member 
therein  for  supplying  pressure  to  advance  the  projectiles 
therein  into  the  gun  barrel,  maximum  pressure  regulat¬ 
ing  means  for  said  pressure  chamber,  means  to  supply 
hypereohe  liquids  separately  into  said  combustion  cham¬ 


ber  to  be  mixed  and  spontaneously  burned  therein  to 
pressurize  the  combustion  chamber,  a  pressure  supply 
conduit  connected  from  the  combustion  chamber  to  the 
pressure  chamber  to  pressurize  the  pressure  chamber 
5  from  the  combustion  chamber  and  check  valve  means  in 
said  pressure  supply  conduit  opening  toward  the  said  pres¬ 
sure  chamber,  whereby  when  the  pressure  in  the  combus¬ 
tion  chamber  increases  during  the  discharge  of  a  projec¬ 
tile  through  the  barrel  and  exceeds  the  pressure  in  the 
10  pressure  chamber,  combustion  chamber  pressure  is  ad¬ 
mitted  to  the  pressure  chamber  to  increase  the  pressure 
chamber  pressure;  and  upon  discharge  of  the  projectile 
from  the  barrel,  the  banel  is  vented  and  thereby  reduces 
the  combustion  chamber  pressure  below  the  regulated 
15  pressure  chamber  pressure,  and  the  higher  pressure  in  the 
prevsurt  chamber  at  that  lime  :s  operative  on  the  piston 
me.ns  to  advance  the  projectiles  in  the  magazine  tube  to 
feet  a  fresh  projectile  into  the  barrel  to  charge  the  gun 
band  and  ictemipt  the  vented  discharge  of  the  hyper- 
20  golie  combustion  gases  from  the  barrel  and  combustion 
chamber  to  build  up  pressure  in  'he  combustion  chamber 
in  ezeess  cf  the  pressure  chamber  pressure  for  projecting 
the  fresh  introduced  projectile  from  the  barrel  and  re¬ 
charging  the  pressure  chamber. 
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(57]  ABSTRACT 

The  automatic  weapon  has  a  compression  chamber  with  a 
power  outlet  port  aligned  with  a  reciprocating  barrel  and  an 
intake  port  aligned  with  a  carburetor.  A  belt  carrying  a  plurali¬ 
ty  of  projectiles  is  fed  between  the  reciprocating  barrel  and 
the  power  outlet  port.  A  shaft  driven  rotor  and  vane  are  offset 
positioned  within  the  compression  chamber.  The  barrel,  belt 
and  rotor  are  synchronized  so  that  carbureted  fuel  is  com¬ 
pressed  and  ignited  when  the  barrel  has  forced  the  belt  to 
sealabty  engage  the  power  outlet  port  with  a  projectile  posi¬ 
tioned  in  the  banel. 

10  Claims,  5  Drawing  Figures 
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LIQUID  FUEL  OPERATED  AUTOMATIC  WEAPONS 

My  invention  relates  to  en  article  of  ordinance  and,  mare 
particularly,  to  a  liquid  fuel  operated  automatic  weapon,  such 
as  a  machine  gun. 

The  standard  automatic  weapon  is  operated  by  detonation 
of  gun  powder  in  a  shell  which  propels  a  projectile  secured 
thereto. 

My  invention  eliminates  the  gun  powder,  the  shell  and  the 
detonator,  thereby  rendering  the  automatic  weapon  safer, 
more  transportable  and,  in  general,  far  more  versatile  than  ex¬ 
isting  automatic  weapons. 

In  the  accompanying  drawings.  1  have  shown  one  preferred 
embodiment  of  my  invention  in  which: 

FIG.  1  is  a  schematic  of  my  automatic  weapon; 

FIG.  2  is  a  partial  broken  away  view  showing  the  operating 
mechanisms; 

FIG.  3  is  a  plan  view  partly  broken  away  to  show  the  operat¬ 
ing  mechanism; 

FIG.  4  is  an  exploded  view  of  the  belt,  projectile  and  drive 
means;  and 

FIG.  5  is  a  plan  view  of  the  belt. 

My  automatic  weapon  will  be  generally  referred  to  as 
machine  gun  10.  although-  it  will  be  recognized  that  various 
types  of  automatic  weapons  in  addition  to  machine  guns  may 
be  constructed  in  accordance  with  my  invention. 

Machine  gun  10  includes  a  compression  chamber  11,  a 
reciprocating  barrel  12  and  a  belt  13  carrying  the  projectiles 
14.  The  chamber  1 1  has  a  cylindrical  inner  surface  formed  by 
wall  16.  Communicating  with  chamber  1 1  through  wall  16  is 
intake  port  17,  power  outlet  port  15  and  spark  plug  38  which 
extends  through  wall  16  into  the  chamber  11  at  a  point  sub¬ 
stantially  adjacent  the  power  outlet  port  IS.  Chamber  11  is 
air-cooled  by  fins  32  in  a  known  manner,  FIGS.  1  and  3. 

A  rotor  18  is  mounted  on  a  shaft  19  and  is  positioned  in  the 
chamber  so  that  shaft  19  is  substantially  in  alignment  with  the 
power  outlet  port  15.  However,  the  rotor  18  is  offset  in  the 
chamber  1 1  so  that  it  is  substantially  adjacent  the  interior  wall 
16.  Rotor  18  has  a  slideway  23  above  the  shaft  19  into  which 
an  extensible  vane  21  is  slidably  positioned.  Vane  21  is  exten¬ 
sible  by  means  of  a  spring  load  35  which  forces  separate  end 
section  33  outward  to  sealably  engage  the  interior  of  wall  16 
as  vane  21  rotates  along  with  the  rotor  18.  The  slidable  en¬ 
gagement  of  vane  7.1  in  slideway  23  of  reter  18  and  the  exten¬ 
sibility  of  end  section  33  permits  a  constant  and  continuing 
scalable  relationship  between  the  interior  of  wall  15  and  the 
vane  21  at  both  ends  of  the  vane  21,  FIGS  2  and  3. 

A  carburetor  22  is  connected  to  the  intake  port  17  and  pro¬ 
vides  a  carbureted  liquid  fuel,  such  as  gasoline,  hereto.  The 
air  and  fuel  means  feeding  the  carburetor  22  a ae  not  shown 
and  do  not  form  a  part  of  this  invention. 

Shaft  19  extends  downward  to  and  is  driven  by  motor  23. 
Motor  23  may  be  a  gasoline  operated  motor,  an  electrical 
motor  or  any  other  type  which  will  rotate  shaft  IS.  Friction 
clutch  24  is  positioned  along  shaft  19  in  the  standard  manner 
to  permit  engagement  and  disengagement  of  shaft  19  to  motor 
23.  FIG.  2. 

The  reciprocating  barrel  12  is  supported  by  barrel  rest  25 
which  connects  to  a  stationary  member  such  as  compression 
chamber  11,  FIG.  2.  Barrel  12  is  positioned  in  alignment  with 
the  power  outlet  port  15  vtuch  is  built  up  to  have  its  forward 
face  parallel  to  the  rear  face  of  barrel  12,  FIG.  3.  Barrel  12, 
which  is  free  to  reciprocate  within  barrel  rest  25,  is  operably 
connected  by  barrel  bracket  47  to  the  cam  26  on  shaft  19. 
This  connection  is  formed  by  cam  26  contacting  roller  48 
which  is  connected  to  the  spring  40  positioned  between  roller 
48  and  bracket  47  to  cause  the  desired  reciprocation  of  the 
barrel  12.  Cam  26  operates  to  reciprocate  barrel  12  in 
synchronization  with  rotor  IS  as  will  be  explained  m  detail 
hereinafter.  Banal  12  Includes  a  plurality  of  exhaust  ports  34 
thcrealong.  Became  of  rapid  firing,  the  barrel  should  be  easily 
replaceable,  but  this  caa  be  accomptfadied  by  standard  mount¬ 
ing  means.  FIGS.  1-1 

The  projectile  14  is^migfy  held  onto  belt  13  through  s  fric¬ 
tional  push  lit  arrangement  in  holes  27  which  extend  along  the 


length  of  belt  13  in  aligned  relationship.  The  projectile  14  is 
cone-shaped  at  its  forward  end  in  standard  fashion  and  has  a 
rearward  retaining  flange  23  to  hold  it  in  place  in  right  angle 
relationship  to  belt  13.  The  belt  13  contains  aligned  drive 
2  slots  29  along  the  belt  edges.  The  belt  must  be  made  of  a 
material  which  can  serve  as  a  seal  for  a  single  use  and  which 
will  not  be  disrupted  by  the  residual  heat,  FIGS.  1 . 2, 4  and  5. 

A  drive  sprocket  30,  the  teeth  of  which  engage  the  slots  29 
of  belt  13,  is  positioned  to  drive  the  belt  13  between  the  power 
outlet  15  and  the  barrel  12.  An  idler  sprocket  31  positioned  on 
the  opposite  side  of  belt  13  from  the  drive  sprocket  30  main¬ 
tains  the  belt  13  in  cooperation  with  the  drive  sprocket  30  and 
in  proper  alignment  for  feeding.  Both  the  drive  sprocket  30 
U  and  the  idler  31  are  spooled  to  engage  the  slots  29  of  the  belt 
while  at  the  same  time  maintaining  clearance  for  the  projectile 
14.  The  drive  sprocket  30  is  connected  by  shaft  37  to  a  timing 
linkage  formed  by  linkage  means  46  and  cam  32  positioned 
along  shaft  19.  Timing  linkages  are  well  known  in  the  art  and 
20  tfc*  particular  type  of  timing  linkage  does  not  form  a  part  of 
my  invention.  The  belt  13  is  operated  in  synchronization  with 
the  reciprocation  of  the  barrel  12  and  the  rotation  of  rotor  18 
and  is  timed  to  be  stationary  when  the  barrel  12  is  in  a  closed 
position,  FIGS.  2  and  4. 

25  My  machine  gun  works  as  follows.  The  carbureted  fuel  en¬ 
ters  the  compression  chamber  11  through  the  intake  port  17. 
The  carbureted  fuel  is  then  compressed  within  the  chamber  1 1 
by  the  vane  21  which  rotates  with  rotor  18  to  reduce  the  effec¬ 
tive  space  between  the  vane  21  and  rotor  IS  and  the  chamber 
30  wail  16.  This  reduction  in  space  results  from  the  offset  posi¬ 
tion  of  rotor  18  with  respect  to  wall  16.  When  the  carbureted 
fuel  has  been  adequately  compressed,  the  sparx  plug  operated 
by  a  magneto  (not  shown)  ignites  the  mixture.  At  this  time, 
the  barrel  12  is  in  its  closed  position  so  as  to  engage  the  belt  13 
35  which,  in  turn,  sealably  engages  the  power  outlet  15  in  the 
chamber  wall  16.  As  stated  hereinbefore,  the  timing  linkage 
operates  so  that  the  bell  is  stationary  in  position  when  the  bar¬ 
rel  12  reaches  its  closed  position.  As  explosion  takes  place, 
the  projectile,  which  is  aligned  in  from  of  the  power  outlet  15 
40  and  within  the  barrel  12.  is  propelled  outward.  The  exhaust 
gases  exit  the  barrel  through  the  exhaust  ports  34. 

Continued  rotation  of  shaft  19  opens  the  bane)  12  and  the 
next  projectile  14  on  belt  13  is  positioned  in  alignment  with 
power  outlet  15.  White  this  is  talcing  place,  the  next  charge  of 
5  carbureted  fuel  has  been  drawn  into  the  chamber  11  by  the 
vacuum  created  by  the  moving  vane.  The  firing  rate  is.  there¬ 
fore.  2  times  for  every  revolution  of  the  shaft  19.  Therefore,  if 
shaft  19  is  driven  a:  2,500  rpm,  5.000  rounds/m  in.  can  be 
jq  fired.  The  rate  of  fire  is  controllable  by  gearing  down  the 
motor  23  to  control  tne  revolutions  per  minute  of  the  shaft  19. 
Clutch  24  is  employed  to  engage  or  disengage  the  shaft  19  and 
motor  23  and  thereby  control  the  firing  of  the  weapon. 

Iclaim: 

j  j  1 .  A  liquid  fuel  operated  automatic  weapon  including: 

A.  a  compression  chamber  having  an  intake  port  and  a 
power  outlet  port; 

B.  a  carburetor  means  connected  to  the  intake  port  to 
supply  carbureted  fuel  thereto; 

60  C.  compression  means  within  the  compression  chamber  to 
f  lace  the  carbureted  fuel  in  a  compressed  state  in  the 
area  of  the  power  outlet  port; 

D.  ignition  means  cooperating  with  the  chamber  to  fire  the 
carbureted  fuel; 

65  E.  reciprocating  barrel  means  positioned  in  operational 
alignment  with  the  power  outlet  port; 

F.  belt  mean*  having  a  plurality  of  aligned  projectiles 
secured  thereto; 

G.  feed  means  connected  to  the  belt  means  to  feed  the  belt 
70  between  the  barrel  and  the  power  outlet  port;  and 

H.  synchronizing  means  connecting  to  the  barrel  and  the 
feed  means  to  position  a  projectile  in  line  with  the  power 
outlet  port  and  the  barrel  against  the  belt  means  to 
sealably  engage  the  power  outlet  port  when  the  ignition 

72  means  fire*. 
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2.  The  automatic  weapon  of  claim  1  wherein  the  compres¬ 
sion  means  includes  a  shaft  driven  rotor  offset  positioned  ad¬ 
jacent  an  interior  compression  chamber  wall  and  an  adjustable 
vane  cooperating  with  the  rotor  and  the  chamber  wall  to  com¬ 
press  the  carbureted  fuel  therebetween. 

3.  The  automatic  weapon  of  claim  2  wherein  the  rotor  has  a 
slideway  therethrough  and  the  vane  is  positioned  in  the 
slideway,  said  vane  being  extensible  to  sealab'y  engage  the 
chamber  wall  at  both  ends  of  the  vane  at  all  times. 

4.  The  automatic  weapon  of  claim  3  wherein  the  extensible 
vane  includes  a  spring  loaded  outer  section  which  is  con¬ 
tinually  forced  outward  to  sealab’y  engage  the  chamber  wall. 

5.  The  automatic  weapon  of  claim  2  wherein  the  reciprocat¬ 
ing  barrel  means  includes  a  plurality  of  exhaust  ports  therein. 

6.  The  automatic  weapon  of  claim  2  w  herein  the  belt  means 
includes  a  plurality  of  aligned  hoies  which  frictionally  engage 
the  projectiles  to  secure  them  thereto,  said  projectiles  having  a 


4 

cone-shaped  forward  section  and  a  flanged  rearward  section 
to  maintain  the  projectile  on  the  belt  normal  thereto. 

7.  The  automatic  weapon  of  claim  2  wherein  the  feed  means 
includes  a  drive  sprocket  and  an  idler  sprocket  positioned  on 

S  opposing  sides  of  the  belt  means. 

8.  The  automatic  weapon  of  claim  2  wherein  the 
synchronizing  means  includes  two  cams  positioned  on  the 
shaft  which  rotates  the  rotor,  one  cam  connecting  to  the  barrel 
to  cause  reciprocation  thereof  and  the  other  cam  connecting 

1 0  to  the  feed  means  as  part  of  a  timing  linkage. 

9.  The  automatic  weapon  of  claim  2  wherein  a  motor  means 
connects  to  the  shaft,  said  motor  means  including  a  clutch  tc 
engage  the  shaft 

10.  The  automatic  weapon  of  claim  7  wherein  the  drive 
IS  sprocket  is  in  operable  engagement  with  the  shaft  which  drives 

the  rotor  through  a  timing  linkage. 
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[57]  ABSTRACT 

A  liquid  propellant  modular  gun  has  a  slim  profile  and 


is  constructed  for  wide  latitude  in  gun  cluster  configura¬ 
tion. 

The  modular  gun  has  a  stationary  barrel  and  is  exter¬ 
nally  driven  and  cam  operated  by  a  drive  cam  and  a 
control  cam. 

The  drive  cam  has  one  internal  spiral  cam  track  for 
driving  the  bolt  forward  to  a  projectile  firing  position 
and  another  internal  spiral  cam  track  for  driving  the 
bolt  rearward  to  a  projectile  loading  position. 

The  control  cam  is  mounted  for  rotation  at  the  forward 
end  of  the  drive  cam  and  controls  the  injection  of  liquid 
propellant  into  the  combustion  chamber  and  an  electri¬ 
cal  igniter. 

A  water  injection  mechanism  is  also  associated  with  the 
control  cam  for  injecting  a  small  amount  of  wateT  into 
the  combustion  chamber  after  the  firing  of  each  round 
to  cool  the  combustion  chamber  structure  by  internal 
water  cooling.  The  water  injection  mechanism  is  also 
effective  to  purge  propellant  from  the  combustion 
chamber  in  the  event  of  a  misfire. 

The  bolt  is  rotated  to  a  locked  position  at  the  forward 
end  of  its  travel  where  locking  lugs  on  the  bolt  are 
engaged  w,th  mating  lugs  on  the  barrel  so  that  all  breach 
loads  caused  by  chamber  pressure  are  carried  through 
the  barrel  rather  than  the  receiver.  This  permits  the 
receiver  to  be  made  quite  light. 


43  Claims,  46  Drawing  Figures 
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FIG.  22. 
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LIQUID  PROPELLANT  MODULAR  GUN 
INCORPORATING  DUAL  CAM  OPERATION  AND 
INTERNAL  WATER  COOLING 

BACKGROUND  OF  THE  INVENTION  5 

This  invention  relates  to  a  liquid  propellant  gun  of  the 
kind  in  which  liquid  propellant  is  burned  in  a  combus¬ 
tion  chamber  to  fire  a  projectile  from  the  gun.  It  relates 
particularly  to  a  cam  operated,  externally  driven,  liquid  10 
propellant  gun  having  a  slim  profile  so  that  a  plurality  of 
single  barrel  gun  modules  can  be  conveniently  clustered 
in  a  variety  of  configurations.  The  present  invention 
also  relates  particularly  to  an  internal  water  cooling 
arrangement  which  injects  a  small  quantity  of  water  IS 
into  the  combustion  chamber  for  cooling  by  internal 
vaporization  after  the  firing  of  each  round  and  which 
also  serves  to  fill  the  combustion  chamber  with  water 


It  is  one  important  object  of  the  present  invention  to 
provide  a  more  effective  means  for  barrel  cooling.  This 
object  is  achieved  in  the  present  invention  by  internal 
water  cooling.  The  way  in  which  the  internal  water 
cooling  is  incorporated  in  a  liquid  propellant  gun  of  the 
present  invention  also  permits  the  mechanism  for  inject¬ 
ing  the  water  for  cooling' to  be  used  as  a  water  purge 
system  for  purging  the  combustion  chamber  of  liquid 
propellant  in  the  event  of  a  misfire,  and  this  system  and 
mode  of  operation  constitutes  another,  specific  object  of 
the  present  invention.  The  internal  water  cooling  sys¬ 
tem  will  be  reviewed  in  more  detail  below  in  the  Sum¬ 
mary  of  the  Invention  and  in  the  Detailed  Description 
of  the  Preferred  Embodiments  of  the  present  invention. 
At  this  point  the  applicants  would  like  to  point  out  that, 
because  the  water  does  impinge  directly  on  the  heated 
gun  bore  surfaces  in  the  present  invention,  high  heat 
transfer  rates  are  realized  and  the  effectiveness  of  the 


and  to  purge  propellant  from  the  combustion  chamber 
in  the  event  of  a  misfire.  20 

The  present  invention  has  particular  utility  for  high 
performance,  high  rate  of  fire  guns  in  the  20  to  35mm 
size.  The  present  invention  is  not,  however,  limited  to 
guns  of  this  size. 

The  existing  weapons  used  by  the  armed  services  use  23 
solid  propellant  cartridges.  These  existing  weapons 
carry  the  solid  propellant  in  cases,  and  the  cases  form  a 
substantial  part  of  the  overall  weight  and  overall  size  of 
the  cartridge.  This  in  itself  imposes  serious  drawbacks 
and  limitations  on  the  installation  and  use  of  such  weap-  30 
ons,  because  the  projectile  feed  mechanism  and  related 
storage  facilities  must  be  large  enough  and  strong 
enough  to  store  and  transport  not  only  the  projectile 
itself  but  also  the  related  solid  propellant  and  case. 

Solid  propellants  have  a  further  inherent  disadvan-  33 
tage  because  of  the  fact  that  solid  propellants  character¬ 
istically  develop  a  high  peak  temperature.  In  many  gun 
installations  it  is  necessary  to  fire  long  bursts  in  multiple 
engagements.  Such  projected  firing  schedules  produce 
severe  thermal  loads  on  the  gun  and  often  cause  barrel  40 
errosion  with  the  existing  solid  propellant  weapons. 

Automatic  guns  used  in  antiaircraft  roles  are  a  good 
example  of  guns  subjected  to  severe  firing  schedules. 
Long  bursts  are  needed  to  achieve  high  cumulative  kill 
probabilities.  These  gun  systems  must  also  engage  mul-  43 
tiple  targets  in  rapid  succession  with  little  or  no  time 
between  bursts  for  adequate  cooling.  A  severe  barrel 
cooling  problem  results  which  is  a  primary  factor  in 
limiting  system  effectiveness.  The  reduced  accuracy 
associated  with  premature  barrel  errosion  can  effec-  50 
tively  destroy  gun  capability  during  a  single  engage¬ 
ment.  The  alternative  is  to  increase  the  number  of  avail¬ 
able  mounts  to  achieve  an  acceptable  firing  schedule. 
This  results  in  additional  weight,  complexity,  cost  and 
maintenance  problems,  and  is  therefore  an  unacceptable  35 
solution. 

The  problem  has  long  been  recognized  in  high  per¬ 
formance,  gun  installations  such  as  the  U.S.  Navy  40mm 
Bofors  automatic  gun  and  the  Oto  Melara  76/62.  In 
both  cases  a  classic  approach  to  barrel  cooling  has  been  60 
taken,  i.e.  water  jacketing  of  the  exterior  barrel  surface. 
However,  even  with  exterior  water  jacketing,  the  heat 
transfer  rate  may  be  too  limited  for  some  applications. 

The  problems  of  severe  thermal  loads  and  barrel 
erosion  also  occur  in  drilling  by  cannon  excavation.  In  6$ 
cannon  excavation  the  firing  rate  is  relatively  low  but 
the  duty  cycle  is  sustained  for  long  periods  of  time,  and 
this  produces  severe  thermal  loads  on  the  barrel. 


internal  water  cooling  permits  significant  increase  in 
burst  length  and  frequency  in  automatic  guns.  It  also 
permits  a  significant  increase  in  length  of  the  duty  cycle 
in  such  applications  as  drilling  by  cannon  excavation. 

There  are  a  number  of  recognized  technical  objec¬ 
tives  for  high  performance  guns.  In  general,  these  in¬ 
clude  (1)  increased  velocity  and  rate  of  fire;  (2)  lower 
gun  and  ammunition  weight;  (3)  improved  interior  and 
exterior  ballistic  performance;  (4)  decreased  erosion, 
flash  and  smoke;  (5)  reduced  recoil  loads;  (6)  elimina¬ 
tion  of  cases,  links  and  sabots;  (7)  improved  reliability 
and  safety;  and  (8)  versatility — application  to  a  wide 
range  or  requirements. 

In  addition  to  these  general  improvements,  the  fol¬ 
lowing  characteristics  are  recognized  as  being  factors 
lacking  in  the  prior  art  and  needed  to  enhance  the  appli¬ 
cability  of  future  gun  systems  as  compared  to  the  prior 
art:  (1)  a  gun  of  minimum  cross  section  to  assure  maxi¬ 
mum  versatility  of  installation  on  shipboard,  vehicle  and 
aircraft  mounts;  (2)  an  envelope  that  will  assure  retrofit 
capability  of  single  or  multibarrel  high  performance  30 
or  35mm  liquid  propellant  guns  in  existing  20mm  instal¬ 
lations;  (3)  a  mechanism  design  capable  of  employing 
high  density,  low  drag  projectiles  currently  in  the  in¬ 
ventory  or  in  an  advanced  stage  of  development;  (4)  at 
the  30/3 5mm  scale— utilization  of  existing  projectile 
designs  (with  only  minor  modifications)  to  eliminate 
immediate  requirements  for  development  of  new  pro¬ 
jectiles,  and  muzzle  velocities  in  excess  of  4000  ft.  per 
second  employing  high  sectional  density  projectiles  to 
provide  ad»  quate  standoff,  short  time  of  flight,  and  high 
projectile  payload;  (5)  a  gun  mechanism  construction 
adaptable  to  operation  at  higher  muzzle  velocities  when 
adequate  projectiles  are  available;  (6)  stationary  barrel 
construction  with  rotating  cam  feed  mechanism  to  pro¬ 
vide  significant  reduction  in  gun  drive  power  require¬ 
ments  and  quicker  acceleration  to  full  firing  rate;  (7) 
simplified  gun  harmonization  at  all  firing  rates  by  elimi¬ 
nation  of  tangential  projectile  velocity  components 
associated  with  rotating  barrel  systems. 

A  further  requirement  which  has  been  placed  on  gun 
development  in  guns  of  this  size  range  is  that  the  gun 
must  be  applicable  across  the  board  to  sea,  air  and 
ground  needs  for  the  three  sen  ices.  These  include  (but 
are  not  limited  to)  small  craft  point  defense,  landing 
craft  armament,  retrofit  of  existing  fixed  wing  aircraft 
and  antiaircraft  and  antivehicle  ground  applications 
where  rate  of  fire  and  configuration  constraints  vary 
widely.  Some  missions  require  single  barrel  guns  with 
relatively  low,  adjustable  rates  of  fire  (0  to  1000  rpm). 
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Others  involve  multibarrel  installations  at  intermediate 
rates  of  fire  (2000  to  3000  rpm),  and  finally  there  are 
those  which  require  very  high  rates  of  fire  (4000  to  6000 
rpm).  It  can  be  seen  that  this  range  of  rate  of  fire  indi¬ 
cates  that  automatic  guns  are  needed  from  one  to  eight  3 
barrels. 

Liquid  propellant  guns  have  a  characteristic  low  peak 
temperature.  Because  a  liquid  propellant  will  ignite  in 
the  bulk  mode,  it  can  be  ignited,  as  by  an  electrical  spark 
device  immersed  in  the  liquid  propellant,  without  the  10 
need  to  vaporize  the  propellant  prior  to  ignition.  Liquid 
propellants  are  high  energy  density  liquids  and  can  be 
burned  in  discrete  pulses  to  product  high  combustion 
pressures.  Pulsed  burning  of  a  liquid  propellant  can 
produce  combustion  pressures  in  the  range  of  10,000  to  15 
80,000  psi  and  even  higher.  The  magnitude  of  the  aver¬ 
age  combustion  pressure  in  such  pulsed  burning  can  be 
controlled  by  the  amount  of  expansion  permitted. 
Higher  average  combustion  pressures  can  be  produced 
by  permitting  less  expansion.  20 

The  liquid  propellant  gun  can  produce  a  flatter  com¬ 
bustion  chamber  pressure-time  characteristic  than  a 
solid  propellant  gun.  Hence,  performance  equivalent  to 
a  solid  propellant  gun  can  be  obtained  at  lower  pressure. 
High  cyclic  rates  of  fire  are  possible  with  a  liquid  pro-  25 
pellant  gun.  Because  the  propellant  is  a  liquid,  the  pro¬ 
pellant  can  be  easily  pumped  to  the  firing  chamber  from 
a  storage  area  remote  from  the  gun  itself.  This  permits 
flexibility  of  installation.  Because  the  cartridge  feeding 
system  of  the  liquid  propellant  gun  carries  only  the  30 
projectile  itself,  the  projectile  feed  system  can  be  simpli¬ 
fied  and  can  be  made  considerably  lighter  in  weight 
than  for  a  conventional  gun.  Or,  a  considerably  larger 
projectile  size  and  weight  can  be  used  for  higher  per¬ 
formance  without  having  to  increase  the  size  of  the  35 
projectile  feed  mechanism.  This  is  especially  important 
in  permitting  larger  bore  liquid  propellant  guns  to  be 
incorporated  in  retrofit  installations  as  replacements  for 
existing  smaller  bore  solid  propellant  guns. 

Liquid  propellant  guns  also  permit  slim  profiles  40 
which  provide  desirable  configuration  versatility.  Be¬ 
cause  the  liquid  propellant  gun  permits  a  low  profile, 
clean  exterior  design,  an  individual  liquid  propellant 
gun  module  or  a  modular  grouping  of  liquid  propellant 
gun  modules  can  be  installed  in  locations  that  would  not  45 
accomodate  a  conventional  gun. 

It  is  another  important  object  of  the  present  invention 
to  incorporate  the  inherent  advantages  of  a  liquid  pro¬ 
pellant  gun  in  a  modular  gun  of  the  kind  incorporating 
a  drive  cam  and  a  control  cam.  50 

SUMMARY  OF  THE  INVENTION 

The  liquid  propellant  gun  of  the  present  invention  is 
a  cam  operated,  externally  driven  gun  constructed  in 
modular  form.  It  has  a  slim  profile,  and  the  operational  55 
features  of  the  gun  are  arranged  so  that  the  gun  can  be 
readily  incorporated  in  a  variety  of  modular  clusters, 
such  as  flat  pack  groupings  and  circular  groupings. 

The  gun  barrel  is  stationary  and  all  combustion  cham¬ 
ber  pressure  loads  on  the  bolt  are  carried  through  the  60 
barrel  rather  than  being  carried  through  the  receiver 
with  the  result  that  the  receiver  can  be  made  quite  light. 

The  gun  incorporates  two  cams,  a  drive  cam  and  a 
control  cam. 

The  drive  cam  reciprocates  the  bolt  back  and  forth  65 
between  a  rearward,  projectile  loading  position  and  a 
forward,  projectile  firing  position.  The  drive  cam  is  a 
hollow  cylindrical  member  having  two  spiral  cam 
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tracks  formed  on  the  inside  of  the  drive  cam.  The  first 
sprial  cam  track  engages  a  cam  follower  on  the  bolt  to 
drive  the  bolt  forward,  and  the  other  spiral  cam  track 
engages  the  cam  follower  to  drive  the  bolt  rearward  as 
the  drive  cam  is  rotated  about  the  axis  of  reciprocation 
of  the  bolt. 

The  control  cam  is  located  at  the  front  end  of  the 
drive  cam,  and  the  control  cam  is  also  an  annular  mem¬ 
ber  which  is  rotated  about  the  axis  of  the  bolt.  The 
control  cam  controls  the  injection  of  the  liquid  propel¬ 
lant  into  the  combustion  chamber  and  also  controls  the 
igniter  for  igniting  the  propellant. 

The  drive  cam  is  rotated  faster  than  the  control  cam 
and  has  dwell  or  rest  areas  at  each  end  of  the  drive  cam 
to  provide  the  time  intervals  for  the  projectile  loading 
at  one  end  and  the  propellant  injection  and  firing  at  the 
other  end  of  the  bolt’s  reciprocation. 

The  drive  cam  rotates  the  bolt  in  one  direction  at  the 
end  of  its  forward  travel  to  lock  the  bolt  to  the  barrel, 
and  the  control  cam  rotates  the  bolt  in  the  opposite 
direction  after  firing  to  unlock  the  bolt  from  the  barrel. 

The  axial  sliding  movement  of  the  reciprocating  bolt 
is  guided  by  lugs  on  the  bolt  which  interfit  in  slots  in  the 
barrel  extension  or  receiver  of  the  gun. 

The  cam  follower  of  the  bolt  is  mounted  for  a  limited 
amount  of  radial  movement  with  respect  to  the  bolt  to 
accomodate,  by  outward  movement,  the  bolt  rotation 
required  to  lock  the  bolt  and,  by  inward  movement,  the 
required  dwell  at  the  forward  end  of  the  bolt  travel. 
The  barrel  extension  has  a  cam  surface  that  coacts  with 
the  cam  follower  and  a  dwell  area  at  the  forward  end  of 
the  drive  cam  to  provide  the  required  dwell  in  this  part 
of  the  cycle  of  operation  of  the  gun.  The  control  cam 
unlocks  the  bolt  and  returns  the  cam  follower  to  the 
rearward,  spiral  drive  cam  track  at  the  proper  time. 

The  drive  cam  and  the  control  cam  are  driven  in 
synchronism  by  interconnected  gearing,  and  the  drive 
cams  of  adjacent  gun  modules  are  interconnected  by 
idler  gears  for  transferring  drive  from  one  module  to  the 
next. 

The  gun  of  the  present  invention  incorporates  a  water 
cooling  arrangement  in  which  the  control  cam  causes  a 
small  amount  of  water  to  be  injected  into  the  combus¬ 
tion  chamber  after  the  firing  of  each  round.  The  in¬ 
jected  water  is  vaporized  and  converted  to  steam  as  it 
contacts  the  hot  combustion  chamber  structure,  and  this 
produces  a  highly  effective  cooling  of  the  combustion 
chamber  structure. 

The  water  cooling  valving  is  interconnected  with  the 
valving  for  the  propellant  injection  in  a  manner  such 
that  the  combustion  chamber  can  be  completely  filled 
with  water  to  purge  the  combustion  chamber  of  propel¬ 
lant  in  the  event  of  a  misfire. 

The  gun  incorporates  misfire  detection  means  which 
coact  with  the  control  cam  to  completely  disengage  the 
control  cam  from  the  drive  so  that  operation  of  the  gun 
module  is  stopped  in  the  event  of  a  misfire. 

Liquid  propellant  gun  apparatus  and  methods  which 
incorporate  the  structure  and  techniques  described 
above  and  which  are  effective  to  function  as  described 
above  constitute  specific  objects  of  this  invention. 

Other  objects,  advantages  and  features  of  our  inven¬ 
tion  will  become  apparent  from  the  following  detailed 
description  of  preferred  embodiments  taken  with  the 
accompanying  drawings. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  i  is  an  isometric  view  of  a  liquid  propellant  gun 
module  constructed  in  accordance  with  one  embodi¬ 
ment  of  the  present  invention;  5 

FIG.  2  is  an  isometric  view  showing  three  of  the  gun 
modules  of  FIG.  1  grouped  in  a  flat  pack  cluster; 

FIG.  3  is  an  isometric  view  showing  three  of  the  gun 
modules  of  FIG.  1  grouped  in  a  circular  cluster; 

FIG.  4  is  a  side  elevation  view  of  the  gun  module  10 
shown  in  FIG.  I; 

FIG.  5  is  an  enlarged  top  plan  view  of  the  gun  mod¬ 
ule  taken  along  the  line  and  in  the  direction  indicated  by 
the  arrows  5 — 5  in  FIG.  4.  In  FIG.  5  some  parts  are 
partly  broken  away  to  show  details  of  construction  and  15 
FIG.  Sc  is  a  continuation  of  the  left  hand  end  of  FIG.  5; 

FIG.  6  is  a  side  elevation  view  in  cross  section  taken 
generally  along  the  line  and  in  the  direction  taken  by 
arrows  6— 6  in  FIG.  5  and  FIG.  So.  FIG.  6a  is  a  contin¬ 
uation  of  the  left  hand  end  of  FIG.  6.  The  cam  follower  20 
64  is  shown  rotated  30*  in  FIG.  6  for  better  illustrating 
its  operation.  See  FIG.  13  for  the  true  position  of  this 
cam  follower; 

FIGS.  7-14  are  end  elevation  views  in  cross  section 
taken  along  the  lines  and  in  the  directions  indicated  by  25 
the  correspondingly  numbered  arrows  in  FIG.  6; 

FIG.  IS  is  an  end  elevation  view  taken  along  the  line 
and  in  the  direction  indicated  by  the  arrows  15 — IS  in 
FIG.  4; 

FIGS.  16-21  are  isometric  views  showing  the  dispo-  30 
sition  of  certain  parts  of  the  gun  in  the  various  phases  of 
operation  indicated  by  the  legends  in  these  figures; 

FIG.  22  is  a  fragmentary,  enlarged  view  of  the  part  of 
the  structure  shown  encircled  by  the  arrows  22 — 22  in 
FIG.  6.  In  FIG.  22  as  in  FIG.  6,  the  cam  follower  is  35 
shown  rotated  30*  from  its  actual  position  illustrated  in 
FIG.  13; 

FIG.  23  is  a  fragmentary,  enlarged  end  elevation 
view  taken  along  the  line  and  in  the  direction  indicated 
by  the  arrows  23—23  in  FIG.  22,  but  with  the  cam  40 
follower  at  the  actual  inclination  illustrated  in  FIG.  13; 

FIG.  24  is  a  fragmentary,  enlarged  end  elevation 
view  taken  along  the  line  and  in  the  direction  indicated 
by  the  arrows  24 — 24  in  FIG.  22  showing  the  cam  fol¬ 
lower  64  in  the  unlocked  position  in  phantom  outline  45 
and  in  a  locked  position  in  bold  outline; 

FIG.  25  is  a  fragmentary,  enlarged  bottom  plan  view 
taken  along  the  line  and  in  the  direction  indicated  by  the 
arrows  2S-25  in  FIG.  23; 

FIG.  26  is  a  fragmentary  enlarged  side  elevation  view  50 
taken  along  the  line  and  in  the  direction  indicated  by  the 
arrows  26 — 26  in  FIG.  5.  FIG.  26  shows  the  positions  of 
the  water  injection  and  the  propellant  injection  control 
valves  during  firing  of  the  gun; 

FIG.  27  is  a  fragmentary  enlarged  side  elevation  view  55 
like  FIG.  26  but  showing  the  positions  of  the  water 
injection  and  propellant  injection  control  valves  during 
propellant  loading; 

FIG.  28  is  a  view  like  FIGS.  26  and  27  but  showing 
the  positions  of  the  water  injection  and  propellant  injec-  60 
tion  control  valves  during  either  the  combustion  cham¬ 
ber  cooling  or  the  emergency  purge  operations; 

FIG.  29  is  a  fragmentary,  enlarged  view  of  the  front 
face  of  the  control  cam  and  is  taken  generally  along  the 
line  and  in  the  direction  indicated  by  the  arrows  29-29  65 
in  FIG.  19.  FIG.  29  shows  the  recess  in  the  control  cam 
for  the  control  of  the  propellant  injection,  the  projec¬ 
tion  on  the  control  cam  for  the  water  injection  and  a 
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projection  on  the  control  cam  for  controlling  the  opera¬ 
tion  of  the  igniter; 

FIG.  30  is  a  fragmentary  enlarged  plan  view  taken 
generally  along  the  line  and  in  the  direction  indicated 
by  the  arrows  30 — 30  in  FIG.  29; 

FIG.  31  is  a  top  plan  view  showing  five  gun  modules 
assembled  in  a  flat  pack  cluster  together  with  a  drive 
motor  for  the  gun  modules  and  the  projectile  feed  sys¬ 
tem; 

FIG.  32  is  an  end  elevation  view  taken  generally 
along  the  line  and  in  the  direction  indicated  by  the 
arrows  32 — 32  in  FIG.  31.  FIG.  32  shows  the  feeding  of 
specific  projectiles  in  the  endless  conveyor  belt  to  re¬ 
lated  gun  modules; 

FIG.  33  is  an  end  elevation  view  like  FIG.  32  but 
showing  the  projectile  feed  system  for  three  gun  mod¬ 
ules  assembled  in  a  circular  cluster; 

FIGS.  34-39  illustrate  different  cluster  configurations 
for  the  modular  gun  of  the  present  invention  and  illus¬ 
trate  how  projectile  feed  sytems  are  associated  with 
these  different  cluster  configurations; 

FIG.  40  is  a  plan  view  showing  a  size  comparison  for 
high  performance  30mm  liquid  and  solid  propellant 
rounds  of  ammunition  and  also  illustrates  the  relative 
feed  chute  sizes  required; 

FIG.  41  is  a  top  plan  view  showing  a  size  comparison 
of  a  30mm  liquid  propellant  projectile,  a  conventional 
solid  propellant  20mm  round  for  an  M61  Vulcan  gun 
and  a  conventional  solid  propellant  round  for  a  30mm 
Hispan  Suiza  round  type  83 1 L.  FIG.  41  illustrates  how 
a  30mm  liquid  propellant  round  is  approximately  the 
same  overall  length  as  a  conventional  solid  propellant 
20mm  round  and  how  it  is  therefore  capable  of  being 
substituted  in  conventional  projectile  feed  systems  for 
smaller  20mm  solid  propellant  rounds  with  a  minimum 
of  retrofit  modifications; 

FIG.  42  is  a  fragmentary  and  elevation  view  showing 
details  of  the  misfire  switch  and  control  cam  shifting 

lug; 

FIG.  43  is  a  fragmentary  side  elevation  view  taken 
along  the  line  and  in  the  direction  indicated  by  the 
arrows  43 — 43  in  FIG.  42; 

FIG.  44  is  a  schematic  view  of  a  pressure  sensing 
interlock  system  for  stopping  operation  of  a  gun  module 
in  the  event  of  a  drop  in  propellant  feed  pressure. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

A  liquid  propellant  gun  module  constructed  in  accor¬ 
dance  with  one  embodiment  of  the  present  invention  is 
indicated  generally  by  the  reference  numeral  50  in 
FIGS.  1,  4,  5,  6  and  16  through  21. 

The  gun  module  50  includes  a  barrel  52,  a  combustion 
chamber  54,  a  bolt  56,  a  barrel  extension  or  receiver  58, 
a  drive  cam  60,  a  control  cam  62.  a  cam  follower  64,  a 
projectile  loading  mechanism  66  for  loading  projectiles 
from  a  projectile  feeding  mechanism  68,  a  drive  mecha¬ 
nism  70,  propellant  injection  means  72,  water  coolant 
and  purge  means  73,  a  bolt  sear  74,  an  igniter  76,  misfire 
detection  means  78  and  a  misfire  switch  80,  all  as  indi¬ 
cated  generally  by  these  reference  numerals  in  FIGS.  5 
and  6  and  in  other  Figures  of  the  drawings. 

The  gun  module  50  illustrated  in  the  drawings  uses  a 
liquid  monopropellant  (i.e.  a  liquid  propellant  that  con¬ 
tains  both  a  fuel  and  an  oxidizer)  in  the  combustion 
chamber  54  for  firing  a  projectile  84.  It  should  be  noted, 
however,  that  many  of  the  features  of  the  present  inven¬ 
tion  are  not  limited  to  a  modular  gun  or  to  a  gun  using 
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a  monopropellant,  as  will  become  more  apparent  from 
the  description  to  follow. 

The  bolt  56  is  reciprocable  back  and  forth  between  a 
rearward,  projectile  loading  position  (see  FIG.  16)  and 
a  forward,  projectile  firing  position  (see  FIGS.  18,  19  5 
and  20). 

The  bolt  is  guided  in  this  reciprocating  movement  by 
lugs  86  (see  FIG.  17  and  FIG.  9)  which  slide  within 
guide  slots  88  (see  FIGS.  19  and  11)  in  the  barrel  exten¬ 
sion  58  and  guide  slots  90  (see  FIG.  18  and  FIG.  10)  10 
extending  through  locking  lugs  92  at  the  rear  end  of  the 
barrel  52. 

The  igniter  76  is  located  in  the  front  face  of  the  bolt 
56  and  comprises  an  electrode  91  (see  FIG.  6  and  FIG. 

11)  which  is  energized  when  a  cam  follower  (not  illus-  15 
trated)  is  displaced  by  a  projection  94  on  a  forward 
control  face  96  of  the  control  cam  62  (see  FIGS.  29  and 
30).  Energization  of  the  electrode  91  produces  electrical 
energy  which  ignites  the  liquid  propellant  in  the  com¬ 
bustion  chamber  54  to  fire  the  projectile  84  out  of  the  20 
barrel  52.  Ignition  can  also  be  accomplished  by  com¬ 
pression  ignition  or  by  injecting  a  chemical  into  the 
propellant. 

The  forward  face  of  the  bolt  56  has  a  seal  96  as  best 
illustrated  in  FIG.  6.  25 

The  rear  end  of  the  bolt  56  has  a  bolt  extension  100 
which  coacts  with  the  projectile  loading  mechanism  68 
to  snap  a  projectile  out  of  a  spring  clip  carrier  in  the 
projectile  feed  mechanism  66  (in  a  way  to  be  described 
in  more  detail  below)  when  the  bolt  is  moved  to  the  30 
rearward,  projectile  loading  position. 

The  bolt  extension  100  also  has  a  detent  102  which  is 
engaged  by  the  pawl  of  the  sear  74  to  hold  the  bolt  in 
the  rearward  position  when  the  gun  trigger  is  off  and  a 
sear  solenoid  104  is  deenergized.  35 

A  sear  actuating  rod  106  is  connected  to  the  rear 
solonoid  104  and  has  a  slot  108  (see  FIG.  6).  A  pin  110 
rides  in  the  slot  108  at  the  lower  end  of  the  pivot  arm 
and  is  connected  at  the  lower  end  of  the  pivot  arm  112 
of  the  sear  74.  The  arm  112  pivots  about  a  sear  pivot  114  40 
which  straddles  the  spring  cavity.  As  illustrated  in  FIG. 

6,  a  spring  116  normally  biases  the  sear  pawl  74  toward 
a  bolt  retaining  position,  but  energization  of  the  sear 
solonoid  104  rotates  the  pawl  74  downward  to  the  bolt 
releasing  position  (best  illustrated  in  FIG.  21).  45 

The  end  face  118  of  the  bolt  extension  100  is  engage- 
able  with  a  face  120  of  a  spring  backed  part  124  which 
actuates  the  projectile  loading  mechanism  66.  The  back 
face  of  the  part  124  provides  a  spring  seat  for  one  end  of 
a  bolt  return  spring  126.  (See  FIG.  6).  The  other  end  of  50 
the  bolt  return  spring  126  is  seated  against  an  inner  face 
of  a  rear  cover  128. 

The  part  124  has  an  upwardly  projecting  flange  129 
which  is  engageable  with  an  actuator  level  130  of  the 
projectile  loading  mechanism  66.  The  upper  end  of  the  55 
actuator  level  130  is  connected  to  a  push  rod  132  by  a 
pin  joint  connection  134,  and  a  spring  136  maintains  the 
lower  end  of  the  actuator  lever  130  in  engagement  with 
the  upwardly  extending  flange  129. 

The  front  end  of  the  push  rod  132  is  connected  to  a  60 
bellcrank  loading  lever  138  by  a  pin  joint  connection 
140.  The  downwardly  extending  arm  of  the  bellcrank 
projectile  loading  lever  138  is  pivotally  connected  to 
the  barrel  extension  58  by  a  loading  lever  pivot  141. 

The  forwardly  extending  arm  of  the  projectile  load-  65 
ing  lever  138  has  a  lower  end  142  which  is  positioned 
over  an  upper  recess  144  in  a  spring  clip  carrier  146  for 
a  projectile  84.  This  projectile  is  aligned  with  the  upper 
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end  of  a  projectile  receiving  passageway  148  in  the 
barrel  extension  58  (see  FIGS.  10  and  11). 

Engagement  of  the  bolt  extension  100  with  the  rod 
120  moves  the  lower  end  of  the  actuator  lever  130  about 
the  pivot  provided  by  the  connection  to  the  spring  136 
to  shift  the  rod  132  forward.  This  pivots  the  bellcrank 
138  about  the  pivot  141  and  snaps  a  projectile  84  out  of 
the  spring  clip  carrier  146  of  the  endless  conveyor  belt 
149  (see  FIG.  32)  of  the  projectile  feed  mechanism  68. 

The  projectile  drops  into  the  passageway  148  and 
into  the  bore  in  the  barrel  extension  in  front  of  the  bolt 
56.  Forward  movement  of  the  bolt  56  then  pushes  the 
projectile  up  into  the  barrel  54,  and  the  projectile  84  is 
then  pumped  forward  (to  the  position  illustrated  in 
FIG.  6)  against  the  forcing  cone  J50  by  the  liquid  pro¬ 
pellant  injected  into  the  combustion  chamber.  This  will 
be  described  in  greater  detail  below. 

The  barrel  52  is  connected  to  the  barrel  extension  58 
by  cap  screws  152  (see  FIG.  6). 

A  cam  cover  154  is  connected  to  the  barrel  extension 
58  by  cap  screws  156  as  also  shown  in  FIG.  6. 

The  drive  cam  60  has  two  internal,  spiral  shaped,  cam 
paths  160  and  162  which  are  engageable  with  the  cam 
follower  64  for  reciprocating  the  bolt  56  forward  and 
backward  during  operation  of  the  gun.  The  spiral  cam 
track  160  drives  the  bolt  56  forward,  and  the  spiral  cam 
track  162  drives  the  bolt  56  rearward. 

The  drive  cam  60  is  axially  elongated  so  that  the  cam 
angles  are  not  too  high,  and  the  drive  cam  is  rotated 
faster  than  the  control  cam  62. 

As  best  shown  in  FIGS.  1-3  and  31,  the  drive  system 
70  includes  a  drive  motor  164.  The  drive  motor  164 
rotates  an  idler  gear  166,  and  the  idler  gear  166  is  en¬ 
gaged  with  a  gear  168  formed  on  the  outer  diameter  of 
the  drive  cam  60  at  the  rear  end  of  the  drive  cam  60. 

FIG.  15  illustrates  how  this  same  idler  gear  166  is 
used  to  transfer  the  drive  from  one  module  to  an  adja¬ 
cent  module  in  a  cluster  arrangement. 

The  drive  to  the  control  cam  62  is  provided  by  a  jack 
shaft  take  off  gear  170,  a  jack  shaft  172,  a  jack  shaft 
pinion  gear  174,  an  idler  gear  176  and  a  gear  178  formed 
on  the  outer  diameter  of  the  control  cam  62  (as  best 
illustrated  in  FIGS.  6  and  16  through  21).  The  control 
cam  62  is  therefore  rotated  in  a  direction  opposite  from 
that  of  the  drive  cam  60,  as  indicated  by  the  arrows  in 
FIG.  17. 

In  a  particular  embodiment  of  the  present  invention 
the  gear  ratios  are  such  that  the  drive  cam  60  is  rotated 
four  times  as  fast  as  the  control  cam  62. 

The  drive  cam  60  is  mounted  for  rotation  on  the 
barrel  extension  58  by  bearings  180  at  the  rear  end  of  the 
drive  cam  and  181  at  the  forward  end  of  the  drive  cam 
(see  FIG.  6). 

The  control  cam  62  is  mounted  for  rotation  on  a 
surface  182  of  the  barrel  extension  58  and  is  normally 
retained  in  a  fixed  axial  position  with  respect  to  the 
barrel  extension  58  by  two  radially  projecting  cam  lobes 
184  on  the  outer  periphery  of  the  control  cam  62  (see 
FIG.  12).  The  lobes  184  travel  in  an  annular  groove  186 
in  the  barrel  extension  58.  In  normal  operation  of  the 
gun  the  lobes  184  travel  in  the  groove  186  and  the  con¬ 
trol  cam  62  is  maintained  in  the  fixed  axial  position 
illustrated  in  FIG.  6  with  the  gear  178  engaged  with  the 
gear  176.  However,  the  barrel  extension  58  has  a  re¬ 
lieved  space  188  in  front  of  the  control  cam  which  per¬ 
mits  the  control  cam  to  be  shifted  axially  forward  and 
disengaged  from  the  drive  connection  with  the  idler 
gear  176  in  the  event  of  a  misfire.  In  this  condition  of 
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operation  as  illustrated  in  FIG.  43  and  as  will  be  de¬ 
scribed  in  more  detail  below,  the  misfire  switch  80  en¬ 
gages  one  of  the  cam  lobes  184  to  move  the  control  cam 
62  forward.  The  cam  lobe  that  engages  the  misfire 
switch  is  diverted  into  a  dead  end  side  track  187,  and  the  5 
other  lobe  184  enters  a  relieved  area. 

As  best  illustrated  in  FIGS.  6  and  13,  the  cam  fol¬ 
lower  64  is  a  cylindrical  element  at  the  outer  end  of  a 
rod  190.  The  rod  190  is  mounted  for  axial  movement  in 
a  radially  extending  bore  192  at  the  back  end  of  the  bolt  10 
56.  The  underside  of  the  bolt  56  has  a  recessed  groove 
194,  and  a  leaf  spring  196  is  mounted  in  the  groove  194 
so  as  to  engage  the  lower  end  of  the  rod  190.  The  spring 
196  biases  the  cam  follower  radially  outwardly  and  into 
engagement  with  associated  surfaces  on  the  drive  cam  15 
60  and,  during  part  of  the  time  that  the  bolt  56  is  in  its 
forward  projectile  firing  position,  with  associated  large 
diameter  surface  206  and  smaller  diameter  surface  208 
on  the  barrel  extension  58.  See  FIG.  24.  This  will  be 
described  in  more  detail  below. 

During  forward  driving  movement  of  the  bolt  56,  the 
outer  surface  of  the  cam  follower  64  is  engaged  with  a 
surface  199  of  the  forward  driving  cam  track  160.  See 
FIGS.  6, 17  and  22.  During  rearward  driving  of  the  bolt 
56,  the  outer  surface  of  the  cam  follower  64  is  engaged  25 
with  a  surface  197  of  the  spiral  cam  track  162. 

The  drive  cam  60  has  dwell  or  rest  areas  at  the  front 
and  rear  ends  of  the  drive  cam.  The  dwell  areas  provide 
turnarounds  at  each  end  of  the  bi-directional  drive  cam. 

The  rear  dwell  area  includes  a  surface  201  which  is  30 
bounded  by  a  rear,  radially  inwardly  extending  flange 
203  and  a  forward,  inwardly  extending  flange  205.  See 
FIG.  6.  This  dwell  area  at  the  rear  of  the  drive  cam 
holds  the  bolt  56  in  a  retracted  position  from  the  time 
that  the  cam  follower  64  leaves  the  return  cam  track  162  35 
until  the  drive  cam  is  rotated  to  a  position  in  which  an 
opening  in  the  forward  flange  205  permits  the  bolt  re¬ 
turn  spring  126  and  part  124  to  shove  the  cam  follower 
64  into  the  forward  drive  cam  track  160. 

In  a  particular  embodiment  of  the  present  invention  40 
(having  the  4  to  1  ratio  of  drive  cam  revolutions  to 
control  cam  revolutions  for  each  cycle  of  operation  as 
noted  above),  the  cam  follower  64  rests  at  the  rear  dwell 
area  of  turnaround  for  0.6  turn  of  the  drive  cam  60.  The 
forward  drive  spiral  160  moves  the  cam  follower  for-  45 
ward  for  0.8  turn  of  the  drive  cam  60.  The  cam  follower 
moves  rearward  for  0.8  turn  of  the  drive  cam  and  rests 
at  a  forward  dwell  area  for  approximately  1,8  turns  of 
the  drive  cam  60. 

When  the  bolt  56  reaches  the  forward  end  of  its  50 
travel,  it  must  be  rotated  45*  (as  illustrated  in  FIG.  13) 
to  lock  the  lugs  86  on  the  bolt  in  front  of  the  lugs  92  of 
the  barrel  52  (see  FIG.  18). 

The  construction  of  the  forward  end  of  the  drive  cam 
60  and  related  structure  of  the  barrel  extension  58  and  55 
back  face  of  the  control  cam  62  are  best  illustrated  in  the 
enlarged  fragmentary  view  of  FIG.  22. 

As  best  illustrated  in  FIG.  22,  when  the  cam  follower 
64  leaves  the  forward  end  of  the  forward  drive  cam 
track  160,  the  back  side  of  the  cam  follower  64  is  posi-  60 
tioned  in  a  fqAard  dwell  area  198  so  that  continued 
rotation  of  the  drive  cam  60  cannot  produce  any  contin¬ 
ued  forward  movement  of  the  bolt  56. 

The  drive  cam  60  does,  however,  have  a  slot  200  (see 
FIGS.  22  and  23)  located  at  the  forward,  outlet  end  of  65 
the  forward  cam  track  160  so  that  the  spring  196  (see 
FIG.  6)  shoves  the  rear  half  of  the  cam  follower  64 
outward  and  into  this  slot  200  as  soon  as  the  forward 
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reciprocation  of  the  bolt  has  been  completed.  The  rota¬ 
tion  of  the  drive  cam  60  in  the  clockwise  direction  indi¬ 
cated  by  the  arrow  in  FIG.  17  then  rotates  the  cam 
follower  and  bolt  45*  to  the  locking  position  illustrated 
in  FIG.  18. 

At  the  same  time  that  the  back  half  of  the  cam  fol¬ 
lower  64  moves  into  the  slot  200,  the  front  half  of  the 
cam  follower  64  engages  the  large  diameter  surface  206 
(see  FIG.  24)  of  the  barrel  extension  55.  This  surface 
206  has  a  ramp  206a  which  decreases  in  diameter,  as  the 
bolt  is  rotated  45°  to  the  locked  position,  until  the  diam¬ 
eter  is  the  same  as  that  of  the  surface  208.  This  ramp 
206a  pushes  the  cam  follower  64  downward  from  the 
outwardly  extended  position  shown  in  phantom  outline 
in  FIG.  24  to  the  retracted  position  shown  in  solid  out¬ 
line  in  FIG.  24. 

The  surface  208  thereafter  engages  the  top  of  the 
front  half  of  the  cam  follower  64  to  retain  the  cam 
follower  64  in  the  retracted  position  and  within  the 
20  groove  198  of  the  drive  cam  60  until  the  firing  of  the 
projectile  from  the  combustion  chamber  54  has  been 
completed  and  the  bolt  56  is  ready  to  be  rotated  back 
45“  to  an  unlocked  position  and  then  retracted  to  the 
projectile  loading  position  by  engagement  of  the  cam 
follower  64  within  the  rear  drive  cam  track  162. 

While  the  cam  follower  64  is  retained  in  the  retracted 
position  illustrated  in  FIG.  24  by  the  stationary  engage¬ 
ment  of  the  cam  follower  64  with  the  surface  208  at  the 
end  of  the  ramp  206,  the  drive  cam  60  is  of  course  con¬ 
tinuing  to  rotate  with  respect  to  the  cam  follower  64 
with  the  back  half  of  the  cam  follower  64  engaged  in  the 
relieved  area  of  the  recessed  face  198.  At  the  same  time 
the  rear  face  210  of  the  control  cam  62  is  rotating 
counter  clockwise  with  respect  to  the  cam  follower  64, 
as  illustrated  by  the  arrows  in  FIGS.  18  and  19. 

The  rear  face  210  of  the  control  cam  has  a  bolt  un¬ 
locking  and  return  wedge  212  projecting  outwardly 
from  the  rear  face  210.  As  this  wedge  rotates  into  en¬ 
gagement  with  the  cam  follower  64,  it  first  of  all  rotates 
the  cam  follower  and  bolt  45*  counter  clockwise  (as 
viewed  in  FIG.  20)  to  unlock  the  bolt  by  aligning  the 
lugs  86  with  the  slots  90.  Continued  rotation  of  the 
control  cam  62  then  moves  the  cam  follower  64  axially 
to  the  rear  and  into  the  front  inlet  end  of  the  rear  drive 
cam  track  162,  as  this  end  of  the  cam  track  162  opens  to 
the  front  dwell  area  198.  Continued  rotation  of  the  drive 
cam  60  then  reciprocates  the  bolt  56  to  a  rearward, 
projectile  loading  bolt  position. 

The  gun  50  as  illustrated  in  the  drawings  uses  a  liquid 
monopropellant,  i.e.  a  liquid  propellant  having  both  a 
fuel  and  an  oxidizer.  Mixtures  of  hydrazine,  hydrazine 
nitrate  and  water  are  examples  of  monopropellants  that 
may  be  used.  However,  propellants  developed  for  tor¬ 
pedo  application  have  physical,  performance,  handling 
and  safety  characteristics  that  are  well  suited  for  use  in 
the  present  invention.  This  is  understood  since  torpedo 
propellants  must  be  compatible  with  the  long  duration, 
closed  environment  of  a  submarine  where  adverse  char¬ 
acteristics  from  the  standpoint  of  toxicity,  handling  or 
safety  are  completely  intolerable.  The  liquid  propellant 
is  stored,  either  adjacent  to  the  gun  50  or  remotely,  and 
is  conducted  to  the  propellant  injection  means  72  by  a 
flex  conduit  216  as  shown  in  FIGS.  18  and  19.  The 
propellant  supply  pressure  is  supplied  either  by  pump 
217  (See  FIG.  18.)  or  by  an  accumulator  subsystem  (not 
illustrated).  The  accumulator  is  preferable  from  the 
standpoint  of  being  effective  in  reducing  pump  volume 
requirements  while  meeting  the  peak  flow  rates  neces- 
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sary  for  burst  fire.  The  propellant  supply  system  in¬ 
cludes  a  pressure  sensing  interlock  system  (see  FIG.  44) 
which  senses  the  propellant  pressure  by  means  of  a 
sensor  and  stops  operation  of  the  complete  group  (row 
or  cluster)  of  gun  modules  by  closing  a  main  propellant 
supply  valve  and  stopping  operation  of  the  drive  motor 
when  the  supply  pressure  drops  below  an  established 
level.  This  prevents  incomplete  propellant  filling. 

The  porting  and  valving  arrangement  for  controlling 
the  injection  of  liquid  propellant  into  the  combustion 
chamber  54  is  best  shown  in  FIGS.  5,  8, 18  and  26-28  of 
the  drawings. 

As  best  illustrated  in  FIG.  26,  the  sidewall  of  the 
barrel  52  has  an  axially  extending  bore  218  at  one  side  of 
the  combustion  chamber  54,  and  the  propellant  conduit 
216  is  connected  with  a  port  200  at  one  end  of  the  bore. 
A  port  222  connects  the  other  end  of  the  bore  to  drain. 

A  spool  valve  224  is  mounted  for  axial  movement 
within  the  bore  218,  and  the  control  of  the  position  of 
the  spool  valve  224  is  provided  by  a  valve  control  rod 
226  which  is  connected  to  the  valve  spool  224  at  one 
end.  The  other  end  of  the  rod  226  is  engaged  with  the 
front  face  96  (see  FIG.  29)  of  the  control  cam  62  and 
acts  as  a  cam  follower. 

A  port  228  connects  the  axial  bore  218  with  the  com¬ 
bustion  chamber  54. 

The  valve  spool  224  has  annular  seals  230  at  each  end 
of  the  spool  and  the  rod  '*26  is  sealed  by  a  seal  232  as 
illustrated  in  FIG.  26. 

The  cam  face  96  of  the  control  cam  62  is  formed  with 
a  recessed  ramp  234  which  controls  the  duration  of  the 
time  period  for  injection  of  the  liquid  propellant 
through  the  ports  220  and  228.  The  control  rod  226  is 
biased  (by  the  propellant  supply  pressure)  to  the  right 
(as  viewed  in  FIG.  26)  so  that  the  cam  follower  end  of 
the  rod  226  is  maintained  in  engagement  with  the  face 
96  of  the  rotating  control  cam  62. 

In  the  firing  position,  the  valve  spool  224  is  posi¬ 
tioned  by  the  control  rod  226  to  block  off  the  port  228 
(as  illustrated  in  FIG.  26). 

FIG.  27  illustrates  the  position  of  the  valve  spool  226 
with  respect  to  the  port  228  when  the  recess  234  of  the 
control  cam  62  has  been  rotated  to  a  posit, on  in  which 
the  control  rod  226  first  drops  down  into  the  recess  234. 
The  valve  spool  224  is  shifted  to  the  right  in  the  bore 
226  to  open  the  port  228  for  communication  with  the 
port  220,  and  the  liquid  propellan'.  flows  into  the  com¬ 
bustion  chamber  under  the  press,,  t  of  the  propellant 
supply  system.  The  pressure  of  the  inflowing  propellant 
pumps  the  projectile  84  forward  to  the  position  illus¬ 
trated  in  FIG.  6a.  The  inclined  ramp  in  the  recess  234 
pushes  the  control  rod  226  leftward  and  back  to  the 
position  illustrated  in  FIG.  26  as  the  cam  follower  end 
of  the  control  rod  226  returns  to  the  plane  of  the  front 
face  96  of  the  control  cam  62.  The  amount  of  liquid 
propellant  injected  is  therefore  determined  by  the  pres¬ 
sure  of  the  propellant  supply  system  and  the  length  and 
angular  inclination  of  the  rec-'  234. 

As  illustrated  in  FIG.  29,  t  .c  front  face  96  of  the 
control  cam  62  has  a  projection  94  which  is  engaged  by 
a  spring  biased  cam  follower.  The  electrode  92  is  ener¬ 
gized  as  the  igniter  cam  follower  is  actuated  by  the 
projection  94  following  the  filling  of  the  combustion 
chamber  54  with  the  liquid  propellant. 

A  very  important  feature  of  the  present  invention  is 
the  internal  water  cooling  provided  by  the  coolant  in¬ 
jection  means  73. 
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The  coolant  injection  means  73  inject  a  small  quantity 
of  water  directly  into  the  firing  chamber  54  between 
rounds.  Since  water  impinges  directly  on  the  heated 
gun  bore  surfaces,  high  heat  transfer  rates  are  realized. 
The  effectiveness  of  the  internal  water  cooling  permits 
a  significant  increase  in  burst  length  and  frequency  in 
the  case  of  an  automatic  gun  fired  at  high  cyclic  rates 
and  permits  a  significant  increase  in  the  length  of  the 
duty  cycle  of  guns  used  at  lower  cyclic  rates  such  as  in 
common  excavation. 

In  a  specific  embodiment  of  the  present  invention 
water  is  used  as  the  cooling  liquid  because  it  has  a  high 
heat  of  vaporization  and  is  readily  available.  Other 
liquid  coolants  can  of  course  be  used,  but  the  descrip¬ 
tion  to  follow  will  be  directed  specifically  toward  the 
use  of  water  as  the  coolant  liquid. 

One  embodiment  of  the  valve  structure  for  accom¬ 
plishing  the  internal  water  cooling  is  illustrated  in 
FIGS.  5  and  26-28.  As  illustrated  in  these  drawings,  the 
wall  of  the  gun  barrel  52  has  an  axially  extending  bore 
236.  A  valve  spool  238  is  mounted  for  reciprocation 
within  the  bore,  and  the  valve  spool  has  seals  240  at 
each  end. 

A  water  inlet  port  242  is  connected  to  one  end  of  the 
bore  236  and  a  hose  is  attached  to  this  port  242  to  con¬ 
nect  the  port  to  a  pressurized  water  supply  system. 

A  port  244  connects  the  bore  236  to  the  combustion 
chamber  54. 

The  valve  spool  238  is  connected  directly  to  the 
valve  spool  224  through  an  extension  of  the  rod  226  so 
that  the  water  coolant  valve  spool  238  moves  in  unison 
with  the  propellant  injection  valve  spool  224. 

Seals  246  and  248  seal  off  the  part  of  the  rod  226 
extending  between  the  bores  236  and  218. 

In  the  firing  position  of  the  valve  spools  (as  illustrated 
in  FIG.  26)  the  valve  spool  236  blocks  flow  of  water 
into  the  port  224  and  flow  of  combustion  gases  out  of 
the  port  244. 

Similarly,  the  water  injection  valve  spool  238  is  posi¬ 
tioned  in  the  propellant  loading  position  illustrated  in 
FIG.  27  to  block  flow  through  the  port  244. 

However,  immediately  after  firing,  the  control  cam 
62  rotates  to  a  position  in  which  a  projection  250  shifts 
the  control  rod  226  leftward  (as  viewed  in  FIG.  28)  by 
an  amount  sufficient  to  open  the  port  244.  This  projec¬ 
tion  250  permits  a  short  time  period  for  the  injection  of 
coolant  water  into  the  combustion  chamber  (through 
the  passageway  provided  by  the  ports  242,  the  bore  236 
and  the  port  244)  before  the  cam  follower  end  of  the 
control  rod  226  moves  down  off  the  projection  250  and 
back  onto  the  plane  of  the  face  96.  This  small  amount  of 
water  is  vaporized  by  the  hot  wall  structure  of  the  com¬ 
bustion  chamber  and  turned  to  steam.  During  this  water 
injection  period,  the  port  228  may  be  maintained  closed 
by  the  land  224  or,  depending  on  the  size  of  the  projec¬ 
tion  250,  the  port  228  may  also  be  opened  for  venting  of 
gas  and  steam  from  the  combustion  chamber  (through 
the  port  228  and  the  bore  218  and  the  vent  port  222). 

Thus,  immediately  after  firing  each  round,  the  cool¬ 
ant  injection  means  73  are  opened  and  a  metered  quan¬ 
tity  of  water  is  injected  directly  on  the  forward  portion 
of  the  combustion  chamber  54.  The  water  spray  is  di¬ 
rected  toward  the  combustion  chamber  surfaces  of  the 
gun.  The  quantity  of  water  is  metered  to  insure  that 
virtually  all  of  it  is  converted  to  steam. 

The  next  projectile  84,  in  the  process  of  being  loaded 
and  pumped  forward  in  the  chamber,  pushes  any  steam 
and  water  remaining  in  the  chamber  ahead  of  the  pro- 
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jectile  into  the  barrel.  After  firing,  the  residuals  are 
forced  out  of  the  barrel  by  the  projectile  as  it  traverses 
the  bore. 

If  the  distribution  of  the  water  vapor  in  the  bore  is 
assumed  to  be  the  same  as  the  normal  products  of  com¬ 
bustion  of  a  liquid  propellant,  the  weight  of  gas  (vapor) 
being  pushed  out  by  the  projectile  is  slightly  less  than 
that  for  a  conventional  solid  propellant  round.  This 
results  from  the  somewhat  lower  molecular  weight  of 
liquid  propellant  combustion  products  and  that  of  the 
water  vapor. 

The  internal  water  cooling  is  optimized  to  inject  no 
more  water  than  is  valorized.  Hence,  there  is  no  pen¬ 
alty  for  acceleration  inert  mass.  The  water  injected  is 
controlled  by  the  dwell  of  the  surface  250  of  the  control 
cam  62. 

Heating  and  cooling  of  a  gun  barrel  bore  surface  is 
highly  transient.  The  analysis  of  the  instantaneous  heat 
transfer  process  is  complex  and  methods  for  accurately 
determing  the  heat  transfer  coefficient  controlling  the  20 
process  are  not  well  established.  However,  the  follow¬ 
ing  example,  based  on  average  conditions,  does  illus¬ 
trated  the  effectiveness  of  the  internal  water  cooling. 

Considering  a  35mm  4,000  ft/sec  muzzle  velocity 
liquid  propellant  gun,  the  significant  characteristics  are: 


A  T  =  temperature  difference  *  F. 

For  estimating  the  heat  transfer  rate,  the  following 
assumptions  are  made: 


a.  AT 

Bore  surface  temperature  rises  of  1,200'  -  1,400'  F  in 


one  millisecond  have  been  measured  in  liquid  propellant 
guns  at  the  origin  of  rifling.  Since  rapid  injection  of 
cooling  water  immediately  after  firing  is  involved  in  the 
present  method,  large  average  temperature  differences 
will  exist  during  the  cooling  process.  Here  a  conserva¬ 
tive  AT  of  500'  F  is  assumed. 
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b.  Area 

The  chamber  bore  surface  area  is  0.375  ft2.  It  is  as¬ 
sumed  that  the  injected  cooling  water  is  effectively 
sprayed  over  an  area  at  least  equivalent  to  this,  there¬ 
fore,  the  effective  area  is  assumed  to  be  0.375  ft2. 


c.  Heat  transfer  Coefficient 
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Water  sprayed  against  hot  surfaces  boils  violently  and 
is  rapidly  vaporized.  Boiling  heat  transfer  coefficients 
are  quite  high.  Coefficients  of  ~  300,000  B.t.u./hr.  ft2"  F 
are  common.  Here,  the  heat  transfer  coefficient  conser¬ 
vatively  is  assumed  to  be  250,000  B.t.u./hr.ft2'  F. 

Based  on  these  considerations,  the  rate  of  heat  trans¬ 
fer  is  estimated  to  be: 


Projectile  Weight 

Muzzle  Velocity 

Propellant  Charge 

Projectile  Muzzle  Kinetic  Energy 

Firing  Rale 


1.2  lb. 

4,000  ft/sec. 

1  lb. 

298,000  ft.-lb. 

750  rounds  per  minute 


30 


q  =  (250,000 


B-t.u. 


hr.  ft2-  F 


)  (.365  ft2)  (500-  F)  =  4.7. 102 


B.t.u. 


hr. 


or  1.3  X  10* 


B.t.u. 


Estimates  of  barrel  heating  per  round  are  calculated  Since  complete  cooling  per  round  requires  removal  of 
using  the  criteria  established  by  Corner1  where  the  heat  35  j ^  j  g  t.u.  the  required  cooling  time  is: 
loss  Q  is: 


<?  =  *( I  ^F2) 


161  B.t.u. 


1.3.10* 


B.t.u. 


»  12.4  milliseconds 


fV,  =  “Effective"  Mass  of  the  projectile 
V  =  Muzzle  velocity 
X  a  0.3  (maximum  value) 

1  “Theory  of  the  Interior  Ballistics  of  Guns".  J.  Corner,  pg.  141.  John 
Wiley  A  Son. 

For  the  characteristics  of  the  35mm  4,000  ft/sec 
LPG,  Q  =  125,00  ft.-lb.  (or  161  B.t.u.). 

Gun  barrel  cooling  is  accomplished  by  direct  water 
injection  on  the  interior  heated  surfaces.  Assuming  ini¬ 
tial  water  temperature  to  be  70"  F,  the  heab  absorption 
capability  of  the  injected  water  (including  specific  heat 
and  heat  of  vaporization)  is  approximately  1,110 
B.t.u./lb.  The  quantity  of  water  required  for  complete 
cooling  after  each  round  is  then  = 
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45 


50 


161  B  t  u./round 


1110  U.t  u/lb.HjO 


or  .146 


Ib.HjO 


round 


55 


In  a  rapid  fire  automatic  weapon,  the  time  available 
for  cooling  between  rounds  is  limited  by  heat  transfer 
rate.  At  a  firing  rate  of  750  rounds  per  minute,  the  cycle 
time  per  round  is  80  milliseconds. 

The  heat  transfer  rate  can  be  estimated  from  the  fol¬ 
lowing: 


60 


q  =  m  ar 


65 


q  =  rate  of  heat  transfer  B.t.u./hr. 
h  -  heat  transfer  coefficient  B.t.u./hr.  of  ft2 
A  =  area  ft2 


With  a  total  cycle  time  per  round  of  80  milliseconds 
there  is  ample  cooling  time  available. 

The  above  example  is  idealized  in  that  perfect  distri¬ 
bution  of  the  cooling  water  over  the  heated  surfaces  is 
assured.  While  complete  cooling  is  not  usually  attained 
in  practice,  a  substantial  portion  of  the  heat  imparted  to 
the  gun  is  removed.  This  has  a  major  impact  on  firing 
schedule  and  gun  system  effectiveness. 

FIG.  28  illustrates  the  disposition  of  the  valve  spools 
238  and  224  in  the  event  of  a  misfire,  when  it  is  desired 
to  purge  the  combustion  chamber  54  of  all  liquid  pro¬ 
pellant  within  the  combustion  chamber.  In  this  event, 
the  entire  control  cam  62  is  shifted  axially  forward  by 
the  misfire  detection  switch  80,  and  this  shoves  the 
control  rod  226  leftward  to  the  position  illustrated  in 
FIG.  28  where  the  valve  spools  238  and  224  are  held  in 
the  positions  illustrated.  The  coolant  water  flows  con¬ 
tinuously  into  the  combustion  chamber  through  the 
coolant  inlet  port  244,  fills  the  combustion  chamber  54 
completely  with  water,  and  purges  out  all  of  the  liquid 
propellant  through  the  port  228  and  the  vent  222. 

A  timing  device,  not  illustrated,  shuts  off  the  flow  of 
water  through  the  hose  241  (see  FIG.  7)  after  a  period 
of  time  sufficient  to  insure  complete  purging  of  the 
combustion  chamber. 

As  described  above  in  this  specification,  the  misfire 
switch  80  is  controlled  by  the  misfire  detection  means 
78  (see  FIG.  5). 
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The  misfire  detection  means  78  include  a  gas  piston 
252  mounted  for  reciprocation  within  a  cylinder  254 
and  spring  biased  by  a  spring  256  rightward  (as  viewed 
in  FIG.  5)  to  the  position  illustrated  in  FIG.  5  where  a 
flange  258  engages  a  snapring  stop  260. 

A  connecting  rod  262  connects  the  gas  piston  252  to 
the  misfire  switch  80  so  that  the  misfire  switch  80  s 
normally  spring  biased  to  the  position  illustrated  in 
FIG.  5  in  which  the  misfire  switch  80  is  axially  aligned 
with  the  lobes  184  on  the  control  cam  62. 

A  port  264  connects  the  bore  of  the  barrel  52  with  the 
interior  of  the  cylinder  254  at  the  back  face  of  the  gas 
piston  252. 

A  vent  port  266  is  located  in  the  sidewall  of  the  cylin¬ 
der  to  vent  the  interior  of  the  cylinder  254  to  atmo¬ 
sphere. 

As  a  projectile  is  fired  from  the  gun,  the  pressurized 
gases  behind  the  projectile  flow  through  the  pore  264  to 
momentarily  move  the  gas  piston  252  forward  (leftward 
as  viewed  in  FIG.  5)  within  the  cylinder  254.  This  pulls 
the  misfire  switch  80  forward  and  out  of  alignment  with 
the  lobe  184  on  the  control  cam  long  enough  to  let  this 
lobe  rotate  past  the  misfire  switch  without  engaging  the 
misfire  switch  80. 

However,  if  there  is  a  misfire,  the  gas  piston  252 
remains  stationary  and  the  misfire  switch  80  engages  the 
cam  lobe  184  to  divert  the  cam  lobe  into  a  dead  side 
track  187  (see  FIG.  43  and  FIG.  6)  while  the  other  cam 
lobe  184  enters  a  relieved  area.  This  moves  the  control 
cam  62  axially  forward  in  the  recess  188  (see  FIG.  6)  to 
disengage  the  gear  178  from  the  idler  gear  176,  and  the 
rotation  of  the  control  cam  62  is  stopped. 

The  timing  of  this  action  leaves  the  bolt  56  in  a  locked 
position  with  the  breach  closed. 

In  addition,  as  pointed  out  above,  forward  motion  of 
the  control  cam  62  pushes  the  propellant  fill  valve  224 
forward,  exposing  the  combustion  chamber  fill  port  228 
to  the  port  222  at  the  rear  of  the  bore  218  to  permit 
purging  of  the  liquid  propellant  from  the  combustion 
chamber  54.  At  the  same  time  the  water  inlet  valve  238 
is  moved  forward  to  open  the  water  injection  port  244, 
and  water  is  purged  through  the  combustion  chamber 
54  to  prevent  cook  off  and  to  make  the  round  inert. 

The  control  cam  disengagement  disables  that  particu¬ 
lar  gun  module  but  it  does  not  disable  the  drive  cam 
power  train.  Therefore,  other  modules  in  the  banked 
row  or  cluster  continue  to  operate  and  fire.  Operation  in 
this  limited  condition  can  continue  until  servicing.  Pro¬ 
jectiles  intended  for  loading  but  passing  over  the  dis¬ 
abled  module  are  ejected  at  the  end  of  the  feed  system 
transfer  region. 

If  a  projectile  is  missing  at  the  feed  system  conveyor, 
a  mechanical  interlock  system  leaves  a  retainer  in  the 
path  of  the  propellant  fill  valve  224  to  prevent  the  valve 
from  opening.  As  the  module  continues  in  a  cycle  of 
operation,  a  pseudo  misfire  occurs,  and  the  module  is 
disabled  as  described  above. 

Since  complete  propellant  filling  depends  on  fluid 
pressure  in  the  propellant  supply  system  with  the  mono¬ 
propellant  injection  system  described  above,  insuffi¬ 
cient  pressure  of  the  propellant  supply  system  could 
result  in  incomplete  propellant  filling.  In  the  present 
invention  when  the-supply  pressure  inadvertently  drops 
below  an  established  level,  a  pressure  sensing  interlock 
system  (see  FIG.  44)  stops  operation  of  the  complete 
group  (row  or  cluster  of  modules). 

The  projectile  feed  system  is  best  shown  in  FIG.  31, 
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The  projectile  feed  mechanism  68  employs  a  short 
endless  conveyor  149  which  is  driven  by  a  sprocket 
drive  270  from  the  drive  motor  164. 

As  best  illustrated  in  FIG.  32,  the  conveyor  140  mates 
5  with  a  transfer  mechanism  272  to  accept  projectiles  84 
from  a  conventional  belt  or  linkless  feed.  The  transfer 
mechanism  272  includes  a  shifting  device  which  selects 
from  separate  projectile  supplies  to  switch  types  of 
ammunition.  The  spring  clip  cradles  146  are  the  primary 
10  elements  of  the  conveyor  149.  The  tangs  on  the  ends  of 
the  spring  clip  cradles  slide  in  guide  grooves  in  the 
conveyor  frame.  The  cradles  are  coupled  to  form  an 
endless,  flexible  chain. 

Two  configurations  of  the  conveyor  149  are  illus- 
15  trated  in  FIGS.  31-32  and  in  FIG.  33.  In  FIGS.  31  and 
32  a  flat  conveyor  passing  over  a  banked  row  of  mod¬ 
ules  is  illustrated  and  in  FIG.  33  a  circular  conveyor 
wrapping  around  a  cluster  of  three  modules  is  illus¬ 
trated. 

20  The  flat  conveyor  configuration  shown  in  FIGS.  31 
and  32  demonstrates  the  loading  scheme  of  the  present 
invention  which  depends  on  a  unique  sequencing  ar¬ 
rangement.  In  FIG.  32  a  banked  row  of  five  modules 
served  by  the  conveyor  149  are  indicated  by  the  refer- 
25  ence  numerals  1-5.  The  projectiles  84  move  along  the 
conveyor  from  right  to  left  and  are  numbered  in  groups 
of  five,  e.g.  (5,  4,  3,  2,  1),  (10,  9,  8,  7,  6),  etc.  The  modules 
are  also  numbered  (5,  4,  3,  2,  1)  and  are  loaded  in  the 
sequence  1  through  5  and  fire,  of  course,  in  the  same 
30  sequence.  Center-to-center  spacing  of  the  projectiles  in 
the  conveyor  (1.75  in.  for  30mm)  is  one-half  the  cen¬ 
ter — center  spacing  of  the  modules  (3.5  in.  for  30mm). 

Assume  projectile  1  is  at  the  loading  position  for 
module  1.  The  loading  lever  on  the  module  kicks  the 
35  projectile  out  of  the  conveyor  and  into  the  module.  The 
conveyor  travels  1.75  inches  between  loadings.  Projec¬ 
tile  2  was  1.75  inches  away  from  the  loading  position  for 
module  2  at  the  start  but  has  now  arrived  in  position  and 
is  loaded.  Projectile  3  is  now  1.75  inches  away  from  the 
40  module  3  and  will  arrive  at  the  loading  position  on  time. 
The  loading  progresses  until  projectile  5  is  loaded  in 
module  5,  this  projectile  having  moved  7.0  inches  while 
the  other  projectiles  were  loading.  By  the  time  projec¬ 
tile  5  has  been  loaded,  projectiles  10,  9,  8,  7  and  6  have 
45  moved  into  positions  occupied  by  projectiles  5,  4,  3,  2 
and  1  at  the  start.  The  process  continues  in  perfect  time, 
with  projectile  6  loading  into  module  1,  projectile  7 
loading  into  module  2,  etc.  This  loading  scheme  applies 
to  any  number  of  modules. 

50  The  circular  conveyor  for  a  cluster  of  three  modules, 
shown  in  FIG.  33,  uses  the  same  loading  scheme  as 
described  above.  Since  the  conveyor  is  circular,  the 
cradles  can  take  the  form  of  pockets  in  a  wheel-like 
structure.  A  minimum  of  six  cradles  or  pockets  are 
55  needed  to  properly  feed  the  cluster.  Nine  pockets  are 
shown  in  FIG.  33  to  reduce  the  rotational  speed  of  the 
conveyor  and  the  centrifugal  force  imposed  on  the 
projectiles,  thus  reducing  the  force  that  must  be  exerted 
by  the  projectile  loading  levers  at  the  modules. 

60  Other  cluster  configurations  as  illustrated  in  FIGS. 
34-39  are  readily  arranged  and  serviced  by  the  projec¬ 
tile  loading  mechanism  68  as  described  above. 

The  modular  system  of  the  present  invention  can 
accomodate  recoil  adapters  similar  to  those  on  the  M-61 
65  gun  to  reduce  recoil  forces.  A  banked  row  or  cluster  or 
modules  can  be  supported  mutually  at  the  breach  end  of 
the  barrels  by  a  bracket  structure  that  receives  a  pair  (or 
more)  of  recoil  adapters.  An  additional  bracket  struc- 
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ture  mutually  supports  the  rear  of  the  modules  and 
engages  a  short  fixed  slide  to  accomodate  recoil  travel. 
The  latter  bracket  includes  a  provision  for  boresighting. 

The  impact  of  caseless  operation  on  gun  design  is  best 
illustrated  in  FIG.  41  which  compares  a  30mm  liquid 
propellant  modular  gun  projectile  with  a  conventional 
20mm  round  for  the  M-61  gun.  Due  to  the  similarity  in 
length  and  diameter  between  the  liquid  propellant  pro¬ 
jectile  and  the  solid  propellant  round,  it  is  feasible  to 
directly  substitute  the  30mm  projectile  for  the  existing 
20mm  cartridge.  Some  modifications  are,  of  course, 
required  due  to  slight  differences  in  configuration  but 
the  overall  volume  is  substantially  the  same. 

FIG.  40  compares  the  diameter  of  a  liquid  propellant 
modular  gun  projectile  in  a  30mm  size  with  the  car¬ 
tridge  and  projectile  size  for  a  conventional  30mm  solid 
propellant  round.  This  figure  graphically  illustrates  the 
space  and  weight  savings  which  can  be  achieved  for  the 
projectile  feed  systems  in  the  30mm  gun  size  with  the 
liquid  propellant  modular  gun  of  the  present  invention. 

While  we  have  illustrated  and  described  the  preferred 
embodiments  of  our  invention,  it  is  to  be  understood 
that  these  are  capable  of  variation  and  modification,  and 
we  therefore  do  not  wish  to  be  limited  to  the  precise 
details  set  forth,  but  desire  to  avail  ourselves  of  such 
changes  and  alterations  as  fall  within  the  purview  of  the 
following  claims. 

We  claim: 

1.  A  gun  of  the  kind  in  which  liquid  propellant  is 
burned  in  a  combustion  chamber  to  fire  a  projectile 
from  the  gun  and  comprising, 

a  gun  barrel, 
a  combustion  chamber, 

a  bolt  mounted  for  axial  movement  between  a  rear¬ 
ward,  projectile  loading  position  and  a  forward, 
projectile  firing  position, 

liquid  propellant  injection  means  for  injecting  a  liquid 
propellant  into  the  combustion  chamber, 
igniter  means  for  igniting  the  liquid  propellant  in  the 
combustion  chamber, 

drive  cam  means  for  moving  the  bolt  back  and  forth 
between  the  rearward  and  forward  positions, 
drive  means  for  driving  the  drive  cam  means,  and 
control  means  for  controlling  the  liquid  propellant 
injection  means  and  igniter  means  in  coordination 
with  the  drive  of  the  drive  cam  means. 

2.  The  invention  defined  in  claim  1  including  a  re¬ 
ceiver,  a  projectile  loading  passageway  in  the  receiver, 
a  projectile  feed  system  including  a  spring  clip  for  each 
projectile,  and  projectile  loading  means  including  a 
projectile  loading  lever  movable  to  snap  a  projectile  out 
of  its  spring  clip  and  into  the  projectile  loading  track  in 
the  receiver  in  response  to  reciprocation  of  the  bolt  to 
its  rearward  projectile  loading  position. 

3.  The  invention  defined  in  claim  2  wherein  the  pro¬ 
jectile  loading  lever  includes  a  bell-crank  member  and 
the  projectile  loading  means  include  an  actuator  lever 
engageable  with  the  bolt  and  a  push  rod  operatively 
connected  to  the  bellcrank  member  at  one  end  and  to 
the  actuator  lever  at  the  opposite  end. 

4.  The  invention  defined  in  claim  2  wherein  the  pro¬ 
jectile  feed  system  includes  an  endless  conveyor  made 
up  of  said  spring  clips. 

5.  The  invention  defined  in  claim  1  including  liquid 
coolant  injection  means  for  injecting  a  liquid  coolant 
into  the  combustion  chamber  to  cool  the  combustion 
chamber  structure  after  the  firing  of  each  round. 
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(.  The  invention  defined  in  claim  5  wherein  the  liquid 
coolant  injection  means  include  valve  means  opera¬ 
tively  associated  with  the  control  means  for  controlling 
the  timing  and  amount  of  liquid  coolant  injected. 

5  7.  The  invention  defined  in  claim  5  wherein  the  liquid 

propellant  injection  means  and  the  liquid  coolant  injec¬ 
tion  means  are  connected  together  for  movement  in 
unison  by  a  common  control  rod. 

8.  The  invention  defined  in  claim  5  wherein  the  liquid 
10  propellant  injection  means  inject  a  monopropellant  into 

the  combustion  chamber. 

9.  The  invention  defined  in  claim  8  wherein  the  con¬ 
trol  means  include  an  annular  control  cam  member 
mounted  for  rotation  about  an  axis  concentric  with  the 

15  axis  of  reciprocation  of  the  bolt  and  having  a  forward 
generally  planar  extending  surface  formed  with  a  re¬ 
cessed  ramp,  the  propellant  injection  means  include  a 
propellant  fill  port,  a  control  valve  for  the  fill  port,  a 
rod  having  one  end  connected  to  the  fill  valve  and 
20  another  end  engaged  with  said  forward  face  of  the 
control  cam  member,  and  pressure  means  for  supplying 
the  liquid  monopropellant  through  the  propellant  fill 
port  during  the  time  that  the  control  rod  is  engaged 
with  the  recessed  ramp  on  the  control  cam  means. 

25  10.  The  invention  defined  in  claim  5  wherein  said 

liquid  coolant  injection  means  including  a  coolant  inlet 
port,  a  coolant  control  valve  associated  with  the  cool¬ 
ant  inlet  port  and  a  control  rod  having  one  end  con¬ 
nected  to  the  coolant  control  valve  and  the  other  end 
30  engaged  with  the  control  means. 

11.  The  invention  defined  in  claim  10  wherein  the 
control  means  include  an  annular  cam  member  having  a 
front  surface  engaged  with  the  control  rod  and  includ¬ 
ing  a  projection  on  said  front  surface  for  momentarily 

35  opening  the  coolant  inlet  valve. 

12.  The  invention  defined  in  claim  11  including  mis¬ 
fire  detection  means  for  pulling  the  entire  control  cam 
member  and  coolant  inlet  valve  forward  to  a  position  in 
which  the  coolant  control  valve  remains  open  to  permit 

40  a  purging  of  propellant  from  the  combustion  chamber  in 
the  event  of  a  misfire. 

13.  The  invention  defined  in  claim  1  wherein  the 
drive  cam  means  include  a  rotatable  drive  cam  member 
and  the  control  means  include  a  rotatable  control  cam 

45  member. 

14.  The  invention  defined  in  claim  13  including  a 
receiver,  guide  slots  in  the  receiver,  bolt  lugs  engage- 
able  in  the  guide  slots,  locking  lugs  in  the  barrel  and  bolt 
locking  means  for  rotating  the  bolt  lugs  into  engage- 

50  ment  with  the  locking  lugs  in  the  barrel  to  carry  the 
combustion  chamber  firing  loads  through  the  barrel 
rather  than  through  the  receiver  whereby  the  receiver 
can  be  made  quite  light. 

15.  The  invention  defined  in  claim  13  wherein  both 
55  the  control  cam  member  and  the  drive  cam  member  are 

annular,  cylindrical  members,  the  control  cam  member 
is  positioned  at  the  forward  end  of  the  drive  cam  mem¬ 
ber,  the  bolt  is  mounted  for  reciprocation  back  and 
forth  within  the  interior  of  the  drive  cam  and  control 
60  cam  members,  the  bolt  includes  a  radially  extending 
cam  follower,  the  drive  cam  member  includes  a  first 
internal  spiral  cam  track  engageable  with  the  cam  fol¬ 
lower  to  drive  the  bolt  forward  and  a  second  internal 
spiral  cam  track  engageable  with  the  cam  follower  to 
65  drive  the  bolt  rearward,  the  drive  cam  member  includes 
dwell  areas  at  the  front  and  rear  for  permitting  rotation 
of  the  drive  cam  member  without  producing  axial 
movement  of  the  bolt  and  wherein  the  control  cam 
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member  has  a  rear  face  formed  with  an  axially  project¬ 
ing  bolt  return  surface  engageable  with  the  cam  fol¬ 
lower  to  move  the  cam  follower  into  the  second  spiral 
cam  track. 

16.  The  invention  defined  in  claim  13  wherein  the  5 
drive  cam  means  include  a  bolt  locking  surface  for  ro¬ 
tating  the  bolt  to  a  locked  position  at  the  forward,  pro¬ 
jectile  firing  position. 

17.  The  invention  defined  in  claim  16  wherein  the 
control  cam  means  include  a  bolt  unlocking  surface  for  10 
rotating  the  bolt  to  an  unlocked  position  after  the  firing 
of  a  projectile  and  prior  to  the  movement  of  the  bolt  to 
the  rearward,  projectile  loading  position. 

18.  The  invention  defined  in  claim  13  wherein  the  gun 

is  a  gun  module  and  includes  receiver  means  having  an  15 
external  configuration  which  permits  the  gun  module  to 
be  mounted  with  other  gun  modules  in  patterned  group¬ 
ings  to  form  a  modular  gun  comprising  a  plurality  of 
individual  gun  modules  and  with  the  receiver  means  of 
adjacent  gun  modules  engaged  in  mutual  support.  20 

19.  The  invention  defined  in  claim  18  wherein  the 

drive  means  include  an  idler  gear  for  transferring  drive 
from  one  gun  module  to  an  adjacent  gun  module  so  that 
all  of  the  gun  modules  in  a  cluster  can  be  driven  from  a 
single  drive  motor.  25 

20.  The  invention  defined  in  claim  13  wherein  the 
drive  means  include  gears  interconnecting  the  drive 
cam  member  and  control  cam  member  for  rotation  in 
synchronism. 

21.  The  invention  defined  in  claim  20  wherein  both  30 
the  drive  cam  member  and  the  control  cam  member 
have  gears  formed  on  their  outer  periphery  and  the 
drive  means  include  a  first  gear  engageable  with  the 
drive  cam  gear,  a  second  gear  engageable  with  the 
control  cam  gear,  and  an  interconnecting  drive  shaft  35 
connected  to  drive  both  the  first  gear  and  the  second 
gear. 

22.  The  invention  defined  in  claim  21  wherein  the 
control  cam  member  is  axially  movable  into  and  out  of 
drive  engagement  with  the  second  gear  and  including  40 
misfire  detection  means  for  moving  the  control  cam 
member  out  of  driving  engagement  with  the  second 
gear  in  the  event  of  a  misfire. 

23.  The  invention  defined  in  claim  22  wherein  the 
misfire  detection  means  include  a  port  through  the  side-  45 
wall  of  the  barrel,  a  spring  biased  gas  piston  mounted 
for  movement  against  the  spring  bias  by  the  pressure  of 
combustion  gases  passing  through  the  port  in  the  barrel, 

a  misfire  switch  engageable  with  the  control  cam  mem¬ 
ber  to  disengage  the  control  cam  member  from  drive  by  50 
the  second  gear,  and  a  connecting  rod  extending  be¬ 
tween  the  gas  piston  and  the  misfire  switch  for  retract¬ 
ing  the  misfire  switch  to  a  position  in  which  the  misfire 
switch  cannot  engage  the  control  cam  member  when 
the  gas  piston  is  moved  against  the  spring  bias.  55 

24.  The  invention  defined  in  claim  23  including  a  lug 
on  the  control  cam  member  for  engagement  with  the 
misfire  switch. 

25.  The  invention  defined  in  claim  13  wherein  the 
drive  cam  member  and  the  control  cam  member  are  60 
rotatable  about  axes  which  are  parallel  to  the  axis  of 
reciprocation  of  the  bolt,  the  bolt  includes  a  cam  fol¬ 
lower,  and  the  drive  cam  means  include  a  first  spiral 
cam  track  engageable  with  the  cam  follower  to  drive 
the  bolt  forward  and  a  second  spiral  cam  track  engage-  65 
able  with  the  cam  follower  to  drive  the  bolt  rearward. 

26.  The  invention  defined  in  claim  25  wherein  the 
drive  cam  means  include  dwell  areas  at  the  front  and 
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rear  of  the  drive  cam  means  for  permitting  rotation  of 
the  drive  cam  means  without  producing  axial  move¬ 
ment  of  the  bolt. 

27.  The  invention  defined  in  claim  26  wherein  the 
drive  cam  means  include  a  hollow  cylindrical  drive  cam 
member  having  a  longitudinal  axis  concentric  with  the 
axis  of  reciprocation  of  the  bolt  and  wherein  the  bolt  is 
mounted  for  axial  movement  within  the  interior  of  the 
drive  cam  member. 

28.  The  invention  defined  in  claim  27  including  bias¬ 
ing  means  associated  with  the  bolt  for  biasing  the  bolt 
and  cam  follower  forward  to  cause  the  cam  follower  to 
enter  an  open  end  of  the  first  spiral  cam  track. 

29.  The  invention  defined  in  claim  28  wherein  the 
biasing  means  include  a  spring  engageable  with  the  rear 
end  of  the  bolt. 

30.  The  invention  defined  in  claim  29  including  sear 
means  for  holding  the  bolt  in  the  rearward  position 
against  the  force  of  said  spring  until  the  sear  is  released. 

31.  The  invention  defined  in  claim  27  wherein  the 
cam  follower  is  mounted  for  sliding  movement  radially 
inward  and  outward  of  the  bolt  and  including  biasing 
means  normally  biasing  the  cam  follower  radially  out¬ 
wardly  of  the  bolt,  a  slot  in  the  front  dwell  having  a 
sidewall  engageable  with  the  cam  follower  for  rotating 
the  bolt  to  a  locked  position,  and  receiver  cam  means 
for  depressing  the  cam  follower  radially  inwardly  of  the 
bolt  and  out  of  engagement  with  said  sidewall  after  the 
bolt  is  rotated  to  the  locked  position. 

32.  The  invention  defined  in  claim  31  wherein  the 
control  means  include  a  hollow  annular  member  having 
a  forward  cam  face  and  a  rearward  cam  face,  and  in¬ 
cluding  an  axially  projecting  surface  on  a  part  of  the 
rear  cam  face  for  engaging  the  cam  follower  to  rotate 
the  bolt  to  an  unlocked  position  and  to  move  the  cam 
follower  into  the  second  spiral  cam  track. 

33.  The  invention  defined  in  claim  32  wherein  the 
drive  means  are  connected  to  route  the  drive  cam 
member  faster  than  the  control  cam  member  and  in  a 
direction  opposite  to  the  rotation  of  the  control  cam 
member. 

34.  A  modular  gun  comprising  a  plurality  of  gun 
modules,  each  of  the  gun  modules  having  a  barrel,  a 
combustion  chamber,  a  receiver,  a  bolt  mounted  for 
axial  movement  in  the  receiver  between  a  rearward, 
projectile  loading  position  and  a  forward,  projectile 
firing  position,  liquid  propellant  injection  mean;  for 
injecting  a  liquid  propellant  into  the  combustion  cham¬ 
ber,  igniter  means  for  igniting  the  liquid  propellant  in 
the  combustion  chamber,  drive  cam  means  including  a 
rotatable  drive  cam  member  for  moving  the  bolt  back 
and  forth  between  the  rearward  and  forward  positions, 
drive  means  for  driving  the  drive  cam  means,  and  con¬ 
trol  means  including  a  rotauble  control  cam  member 
controlling  the  liquid  propellant  injection  means  and 
igniter  means  in  coordination  with  the  drive  of  the  drive 
cam  means,  and  wherein  the  receiver  means  of  each  gun 
module  have  an  outer  shape  which  permits  a  plurality  of 
gun  modules  to  be  arranged  in  patterned  groupings  with 
the  receiver  means  of  adjacent  modules  engaged  in 
mutual  support. 

35.  A  gun  of  the  kind  in  which  liquid  propellant  is 
burned  in  a  combustion  chamber  to  fire  a  projectile 
from  the  gun  and  comprising, 

a  gun  barrel. 

a  combustion  chamber  at  one  end  of  the  gun  barrel, 

liquid  propellant  injection  means  for  injecting  a  liquid 
propellant  into  the  combustion  chamber. 
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igniter  means  for  igniting  the  liquid  propellant  in  the 
combustion  chamber, 

liquid  coolant  injection  means  for  injecting  a  liquid 
coolant  into  the  combustion  chamber  for  internally 
cooling  the  combustion  chamber  structure  after  the 
firing  of  each  round,  and 

control  means  for  controlling  the  timing  and  amount 
of  liquid  coolant  injected,  said  liquid  coolant  means 
including  a  liquid  coolant  passageway  and  related 
ports  integral  with  the  barrel  and  located  to  inject 
the  liquid  coolant  into  the  barrel  at  the  forward  end 
of  the  combustion  chamber  so  that  the  liquid  cool¬ 
ant  is  injected  into  the  hottest  part  of  the  barrel  at 
a  point  forward  from  the  rear  face  of  the  barrel  and 
the  coolant  is  sprayed  both  forward  and  rearward 
within  the  barrel. 

36.  The  invention  defined  in  claim  35  wherein  the 
liquid  coolant  is  water. 

37.  A  gun  of  the  kind  in  which  liquid  propellant  is 
burned  in  a  combustion  chamber  to  fire  a  projectile  20 
from  the  gun  and  comprising, 

a  gun  barrel, 

a  combustion  chamber  at  one  end  of  the  gun  t-arrel, 

liquid  propellant  injection  means  for  injecting  a  liquid 
propellant  into  the  combustion  chamber, 

igniter  means  for  igniting  the  liquid  propellant  in  the 
combustion  chamber, 

liquid  coolant  injection  means  for  injecting  a  liquid 
coolant  into  the  combustion  chamber  for  internally 
cooling  the  combustion  chamber  structure  after  the  30 
firing  of  each  round,  and 

control  means  for  controlling  the  timing  and  amount 
of  the  liquid  coolant  injected  and  wherein  the  con¬ 
trol  means  include  a  rotatable  control  cam  having 
an  outer  cam  surface,  a  cam  follower  rod,  biasing  35 
means  maintaining  one  end  of  the  cam  follower  rod 
engaged  with  the  cam  surface,  said  liquid  propel¬ 
lant  injection  means  include  a  propellant  inlet  port 
and  a  control  valve,  said  liquid  coolant  injection 
means  include  a  coolant  inlet  port  and  a  control  40 
valve,  and  wherein  both  the  propellant  control 
valve  and  the  coolant  control  valve  are  connected 
to  the  cam  follower  control  rod  for  coordinating 
the  propellant  and  coolant  injection  functions. 

38.  The  invention  defined  in  claim  37  wherein  the  45 
propellant  control  valve  and  the  liquid  coolant  control 
valve  are  spool  type  valves  and  are  mounted  for  sliding 
movements  within  cylindrical  bores. 

39.  The  invention  defined  in  claim  38  wherein  the 
propellant  control  spool  valve  and  the  coolant  control  50 
spool  valve  are  connected  to  the  control  rod  in  a  man¬ 
ner  such  that  the  coolant  control  valve  blocks  the  flow 
of  coolant  into  the  combustion  chamber  while  the  pro¬ 
pellant  control  valve  opens  the  propellant  inlet  port  for 
flow  of  liquid  propellant  into  the  combustion  chamber  55 
and  the  propellant  control  valve  blocks  the  flow  of 
propellant  into  the  combustion  chamber  when  the  cool- 
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ant  control  valve  opens  the  coolant  inlet  port  for  the 
flow  of  coolant  into  the  combustion  chamber. 

40.  The  invention  defined  in  claim  39  including  a 
purge  outlet  port  connected  to  the  cylindrical  bore  in 

5  which  the  propellant  control  valve  is  slidable  for  per¬ 
mitting  the  flow  of  purge  liquid  out  of  the  propellant 
inlet  and  purge  outlet  port  after  a  misfire  of  the  gun. 

41.  The  invention  defined  in  claim  40  including  con¬ 
trol  cam  mounting  means  mounting  the  control  cam  for 

10  rotation  about  an  axis  extending  parallel  to  the  gun 
barrel  and  permitting  limited  axial  movement  of  the 
control  cam,  gear  drive  means  engaged  with  the  control 
cam  for  rotating  the  control  cam  and  misfire  detection 
means  for  shifting  the  control  cam  axially  to  disengage 
IS  the  control  cam  from  the  gear  drive  means  after  a  mis¬ 
fire  of  the  gun. 

42.  The  invention  defined  in  claim  41  wherein  shifting 
of  the  control  cam  to  disengage  the  control  cam  from 
the  gear  drive  means  moves  the  cam  follower  control 
rod  to  shift  the  coolant  inlet  control  valve  and  the  pro¬ 
pellant  control  valve  to  positions  in  which  the  coolant 
flows  through  the  coolant  inlet  port  and  out  the  propel¬ 
lant  inlet  port  and  purge  outlet  port  to  thereby  fill  the 
combustion  chamber  with  coolant  liquid  and  to  purge 

25  the  combustion  chamber  of  all  propellant. 

43.  A  gun  of  the  kind  in  which  liquid  propellant  is 
burned  in  a  combustion  chamber  to  fire  a  projectile 
from  the  gun  and  comprising, 

a  gun  barrel, 

a  combustion  chamber  at  one  end  of  the  gun  barrel, 
liquid  propellant  injection  means  for  injecting  a  liquid 
propellant  into  the  combustion  chamber, 
igniter  means  for  igniting  the  liquid  propellant  in  the 
combustion  chamber, 

liquid  coolant  injection  means  for  injecting  a  liquid 
coolant  into  the  combustion  chamber  for  internally 
cooling  the  combustion  chamber  structure  after  the 
firing  of  each  round,  and 

control  means  for  controlling  the  timing  and  amount 
of  the  liquid  coolant  injected,  and  wherein  the 
liquid  propellant  injection  means  and  liquid  coolant 
injection  means  are  operatively  associated  with  the 
control  means  for  positioning  the  propellant  injec¬ 
tion  means  and  coolant  injection  means  in  a  first 
position  in  which  the  flow  of  both  liquid  propellant 
and  liquid  coolant  into  and  out  of  the  combustion 
chamber  is  blocked  during  firing  of  the  gun,  in  a 
second  position  in  which  the  flow  of  liquid  propel¬ 
lant  is  permitted  into  the  combustion  chamber  and 
the  flow  of  liquid  coolant  into  the  combustion 
chamber  is  blocked  during  propellant  injection 
prior  to  firing,  and  a  third  position  in  which  the 
flow  of  liquid  propellant  into  the  combustion 
chamber  is  blocked  while  the  flow  of  liquid  coolant 
into  the  combustion  chamber  is  permitted  for  cool¬ 
ing  and  purging  of  the  combustion  chamber. 
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State-of-the-Ar t  Patent 
Study  (BDM/M-tpg-0083-81) 

Dear  Terry: 

Thank  you  for  writing  February  19,  1981,  and  enclosing  an 
outline  disclosure  of  the  BDM  proposal  for  researching  liquid 
monopropellants,  and  particularly  high  energy  slurry  formats  for 
gun  systems.  We  have  now  completed  a  state-of-the  art  patent 
search,  as  reported  to  you  by  telephone  on  March  25,  1981,  and 
enclose  our  selection  of  relevent  patent  literature  to  assist 
you  in  developing  a  library  on  this  subject  matter. 

In  summary,  we  approached  this  assignment  with  an  emphasis 
upon  slurry  compositions,  but  with  an  eye  out  for  any  fluid 
propellant  teaching  for  guns,  generally.  Accordingly,  our  field 
of  search  necessarily  covered  areas  which  apparently  were  not 
pertinent  to  slurry  propellant  but  might  incidentally  relate  to 
gun  propellants.  To  assist  future  users  of  this  assembly  of 
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patent  teachings,  we  additionally  enclose  a  computer  listing  of 
all  patents  within  certain  selected  Classes  and  Subclasses  as 
defined  by  the  United  States  Patent  Office  classification  sys¬ 
tem. 

Our  field  of  search  comprised  Class  60,  Subclasses  214, 

216,  217,  252;  Class  89,  Subclass  7;  Class  102,  Subclass  38CC, 
38LP ,  202;  and  Class  149,  Subclass  38,  47,  92.  Copies  of  the 
Class  schedules  for  each  of  Classes  60,  89,  102  and  149  are  also 
enclosed  for  your  reference.  For  your  possible  further  re¬ 
ference,  we  enclose  a  computer  printout  of  all  patents  which 
have  been  classified  within  Class  60/217,  252;  Class  89/7;  Class 
102/89,  202  and  Class  149/36,  47,  92  and  118.  Please  note  that 
with  respect  to  Class  102/38,  there  is  no  official  listing  of 
patents  within  the  super subclasses  38CC,  38LP,  hence,  that  list¬ 
ing  has  been  so  noted. 

With  respect  to  high  energy  slurries  and  gels,  the  enclosed 
patents  have  been  selected  primarily  due  to  a  suggestion  that  a 
given  composition  had  a  known  utility  with  respect  to  some  form 
of  gun  propellant.  Should  BDM  specifically  be  interested  in  any 
given  composition  of  matter,  we  would  then  necessarily  focus  a 
search  upon  that  chemical  compound.  The  enclosed  patents  com¬ 
prise  a  survey  of  teachings  for  compounds  emphasized  to  have 
utility  as  gun  propellants,  and  state-of-the-art  surveys  are 
primarily  useful  to  allow  researchers  to  avoid  re-inventing  the 
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wheel.  We  stand  ready  to  perform  a  detailed  patentability  study 
on  a  given  compound  and  render  a  patentability  opinion  as  any 
specific  candidates  arise. 

The  attached  copies  have  been  selected  from  various  loca¬ 
tions  within  the  above-noted  field  of  search  and  are  here  listed 
chronologically,  for  your  convenience: 


RYKER 

2,970,899 

TURNER 

3,175,494 

GOULD 

3,254,603 

NEWMAN  et  al. 

3,520,137 

DEHM  et  al. 

3,676,533 

DORSEY  et  al. 

3,749,615 

ASHLEY 

3,783,737 

HENDERSON 

3,811,970 

QUINLAN  et  al. 

3,847,081 

ALLAN 

3,857,743 

BRIDGEFORTH  et  al . 

3,861,138 

BRABETS  et  al. 

3,901,153 

FORREST 

3,912,560 

DUNETZ 

3,913,488 

ELMORE  et  al. 

3,916,792 

TANNENBAUM 

3,921,394 

COX  et  al . 

3,925,125 

TEZUKA 

3,956,040 

SCHNEIDER  et  al. 

3,969,979 

RIDGEWAY 

3,980,510 

MICKELSON 

3,980,552 

WOOD 

4,004,415 

HOLTROP 

4,005,632 

ASHLEY 

4,011,817 

BRUNNBERG 

4,014,655 

GAWLICK  et  al. 

4,014,963 

TASS IE 

4,023,463 

LENEVEU 

4,023,996 

HOLTROP 

4,033,224 

ALLAN 

4,039,360 

BULMAN  et  al. 

4,043,248 

GRAHAM 

4,050,348 

GRAHAM 

4,050,349 
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TASS IE 

4,050,352 

ASHLEY 

4,051,762 

ELMORE  et  al. 

4,062,266 

ASHLEY 

4,063,486 

ASHLEY 

4,069,739 

TASSIE  et  al. 

4,085,653 

OUTTEN 

4,090,895 

PETERSEN  et  al. 

4,091,711 

BRESLOW 

4,094,713 

MULLAY 

4,097,316 

SINGELMANN  et  al . 

4,099,445 

HOFFMANN 

4,100,836 

ASHLEY 

4,102,269 

HERSHKOWITZ  et  al. 

4,110,136 

JUNKER 

4,123,963 

ASHLEY 

4,126,078 

ASHLEY 

4,132,149 

FORREST 

4,132,574 

CAMERON  et  al. 

4,141,766 

STEFFANUS  et  al. 

4,148,245 

AYLER  et  al. 

4,160,405 

GROEN  et  al. 

4,161,904 

ELMORE  et  al. 

4,164,889 

ELMORE  et  al.' 

4,164,890 

PETERSON  et  al. 

4,170,922 

AYLER  et  al. 

4,172,408 

REED,  JR. ,  et  al . 

4,180,424 

FLANAGAN  et  al . 

4,187,781 

TASSIE 

4,193,335 

TASSIE  et  al. 

4,215,620 

PIERCE 

4,216,039 

McLEAN 

4,221,616 

COOK 

4,221,618 

ASHLEY 

4,231,282 

REED,  JR. ,  et  al . 

4,239,073 

We  trust  the  enclosed  patent  copies,  copies  of  the  Patent 
Office  class  definitions,  and  also  the  computer  listing  of  pat¬ 
ents  in  several  selected  subclasses,  will  be  of  immediate  value 
to  the  reference  library  being  assembled  by  the  BDM  researchers 
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We  stand  ready  to  review  the  patentability  question  for  specific 
candidates,  as  such  are  generated. 

Best  regards. 


Sincerely, 


Warren  E. 


Olsen 
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